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PREFACE. 


The  extensive  adoption  in  the  United  States  of  that 
system  of  education  which  regards  netful  knowledge 
as  indispensable  to  a  useful  life^  necessarily  calls  for 
the  preparation  of  treatises  adapted  to  the  requisitions 
of  those  who  are  to  impart  as  well  as  to  the  wants  of 
those  who  are  to  receive  such  knowledge.    Not  only  are 
elementary  works  demanded,  but  they  must  occasionally 
be  remodelled  with  a  view  to  the  advancement  of  the 
sciences  to  which  they  relate.    To  adhere  pertinaciously 
to  the  text  books  of  the  last  century  would  be  to  do 
equal  injustice  to  the  state  of  education  and  to  the  pro- 
gress of  human   knowledge.      To  suppose  that  the 
labours  of  the  learned  have,  within  the  last  quarter  of 
a  century,  resulted  in  no  modifications  of  elementary 
laws,  as  enunciated  at  the  beginning  of  that  periocl, 
would  be  to  contradict  the  plainest  evidence  of  daily 
observation.     The  physical  sciences  have,  within  this 
period,  enjoyed  a  most  vigorous  growth.     Not  content 
with  the  bare  discovery  of  a  law  and  the  enunciation 
of  it  as  among  tlie  maxims  hereafter  to  be  received  as 
truthj  the  views  of  men  of  science  have  become  habi- 
tually directed  to  the  harmonizing  of  the  known  and 
received  laws,  into  more  general  and  comprehensive 
expressions  of  nature's  vast  designs.     By  this  course  of 
proceeding,  the  mind  is  not  only  enabled  to  embrace 
wider  ranges  of  thought,  and  more  rational  speculative 
views  in  each  department  or  branch  of  science,  but  in 
several  instances  to  include  under  one  department  the 
facts  and  phenomena  previously  regarded  as  constitut- 
ing several  distinct  sciences.    Thus  while  the  inductive 
labours  of  Galvani  and  Volta  laid  the  foundation,  as 
they  (and  as  all  the  world)  supposed,  for  a  new  science^ 
the  recent  researches  of  philosophers  have  wellnigh 
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resolved  not  only  thaty  but  two  or  three  other  sciences 
into  one  general  principle  of  action,  variously  mani- 
fested according  to  the  circumstances  of  each  particular 
case.  While  this  process  of  enlarging  and  clearing  the 
views  of  men  in  regard  to  general  truths  in  science  has 
been  advancing,  there  has  been  a  constant  and  zealous 
vigilance  displayed  in  reference  to  the  practical  applica- 
tions of  knowledge  to  the  great  physical  and  social 
purposes  of  man.  These  purposes  can  be  fully  sub- 
served, only  by  keeping  the  public  mind  apprized  of 
all  the  important  steps  taken  in  the  advancement  of 
those  Sciences  which  are  susceptible  of  a  practical 
application.  Natural  Philosophy,  Chemistry,  and  seve- 
ral branches  of  Natural  History,  are,  of  all  departments 
of  human  knowledge,  those  which  have  most  engaged 
the  attention  of  modem  philosophers  ;  and  it  is  with  a 
view  to  the  present  state  and  the  useful  employment  of 
these  sciences,  that  the  publishers  of  the  Scientific  Class 
Book  have  sought  to  furnish  the  schools  and  academies, 
no  less  than  the  private  students  of  the  United  States, 
with  an  appropriate  and  eligible  manual. 

In  selecting  for  the  basis  of  such  a  manual  the  text 
of  Mr.  Moffatt,  it  was  with  the  full  understanding 
that  in  order  to  be  adapted  to  the  purposes  of  instruc- 
tion here  it  must  be  somewhat  varied  from  its  English 
dress.  Some  inaccuracies  in  the  statement  of  facts  and 
principles  were  easily  perceived ;  some  grave  errors 
in  regard  to  persons,  places,  and  things,  especially  in 
this  country,  were  at  once  discovered,  a  number  of  im- 
portant discoveries  and  inventions  due  to  the  citizens 
of  the  United  States  were  wholly  overlooked  ;  several 
long  notes  in  Latin  not  likely  to  interest  the  young 
reader  had  been  introduced ;  the  allusions  to  local 
objects  and  occurrences  which  pervaded  the  work 
seemed  to  require  more  oral  explanation  than  the 
student  in  any  other  place  than  London  was  likely  to 
receive  ;  the  puerile  cuts  which  headed  the  chapters 
in  the  English  editions,  and  which  have  conveyed  to 
many  persons  the  idea  that  the  compilation  was  intended  for 
very  young  children^  were  conceived  to  be  less  useful 
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than  some  additional  figures  illustrating  the  topics 

k^^  treated  in  the  work.     In  the  above-mentioned  particu- 

Wjprs,  the  work  was  thought  to  require  emendation. 

'But  as  the  several  treatises  appeared  in  the  main  to 

have  been  compiled  with  a  view  to  the  best  authorities, 

^     as  well  as  in  a  style  sufficientiy  simple  and  perspicuous 

to  warrant  an  attempt  to  adapt  it  to  the  purposes  here 

intended,  the  publishers  were  induced  to  believe  that 

they  could  not  offer  to  teachers  aqd  students  a  more 

acceptable  addition  4o  the  means  of  instruction  than  the 

work  now  presented  for  their  consideration. 

The  general  practice  of  introducing  into  class-books 
questions  for  examination  is  so  well  established  as  to 
need  littie  comment  Yet  not  every  kind  of  questions 
can  render  a  text-book  more  valuable  than  it  would  be 
without  them.  It  has  been  the  aim  of  the  editor  so  to 
execute  this  part  of  his  duty,  as  to  lead  the  student  into 
habits  of  reflection  on  the  true  nature  and  bearings  of 
the  subject  before  him,  not  to  confine  his  attention  while 
answering  the  queries  merely  to  certain  words  of  the 
text ; — to  excite  the  industry  of  the  pupil,  rather  than 
increase  the  labour  of  the  teacher  ; — to  enable  the  stu- 
dent to  rise  from  his  task  with  clearer  conceptions  of 
things,  than  he  enjoyed  before  attempting  to  answer 
these  questions,  not  to  deceive  either  himself,  his 
teacher,  or  others,  by  a  show  of  knowledge  which  he 
does  not  possess.  In  some  cases  hints  and  suggestions 
are  conveyed  by  the  same  means,  and  the  application 
of  certain  terms  not  contained  jn  the  body  of  the  work, 
will  be  easily  understood  from  the  manner  in  which 
they  are  introduced  into  the  questions.  The  answers 
will  occasionally  be  inferences  and  deductions,  gene- 
rally easy  to  be  made,  from  the  facts  and  principles 
contained  in  the  text  In  these  cases  the  mind  will,  it 
is  conceived,  find  a  more  pleasing  and  profitable  exer- 
cise than  in  the  mere  repetition  of  statements  found  on 
the  page  to  which  these  questions  refer. 

At  the  end  of  every  important  division  of  the  subject 
is  presented  a  list  of  such  works  as  may  be  found 
useful   to  those  who  desire  to  prosecwle   ^«xt\^\iNst 
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inquiries  relating  to  the  part  immediately  preceding. 
A  few  works  in  foreign  languages  are  included  in  the 
number,  and  as  the  French  language  in  particular  is 
now  so  extensively  read  at  least  among  teachers,  it  is 
believed  that  references  to  them  will  by  no  means 
prove  useless.  The  index  will,  it  is  hoped,  prove 
entirely  adequate  to  the  purpose  which  it  is  designed 
to  subserve. 

In  conclusion  it  may  be  observed  that,  whatever 
merit  may  be  claimed  for  other  treatises  on  the  same 
departments  of  science,  it  is  confidently  anticipated  that 
this  will  be  found  to  embrace  as  full  and  satisfactory  a 
view  of  the  subject  which  it  pro])oses  to  treat,  as  any 
similar  compilation,  which  has  hitherto  been  dedicated 
to  the  service  of  American  youth.  In  this  hope  the 
publishers  respectfully  submit  it  to  the  consideration 
of  the  reader. 


INTRODUCTION. 


1.  Among  tke  Mreral  dktlnctioBs  whiek  haTe  been  made  is 
hmoan  knowledge)  those  of  most  importaiiee  to  be  aotieed  in  ihrn 
oommeiieement  of  tbe  pfesedt  work,  r^pud  the  diacriiirinatHiB 
betivieen  the  mathematM^  aiid  the  physical  scimees.  The  latter 
are  so  £a>  dependent  on  the  fonner,  tluit  some  knoiHed^  of  map 
thematies  is  absokttely  necessary,  pfevionsl^r  to  smemiff  to  any 
extent  on  the  stud  jt  of  pliysical  or  naitiual  phikeophy«  1l  gene^ 
ral  aeqoaintanoe  ^iitk  at  least  Uw  elementary  hianehes  of  mathe* 
matiee*  as  arithmetic,  geoioaetry,  and  trieonanetry,  may  be  eK« 
pected  to  have  been  ao^niied  l^  all  tolerdbly  well  cdneated  per* 
smis,  as  usably  fonning^  pavt  of  a  e<»BBon  school  edneatum* 
Physical  science,  or  natural  philosophy,  oonstitnftea  Ike  ezdnstTS 
object  of  the  present  ▼olnme,  in  oraer  to  tiw  pemsal  ef  whieh, 
with  nrofit  «ad  adTaaJbage,  it  will  be  veaniaite  that  the  reader 
^onUi  not  be  ignorant  of  the  lames  and  ^^end  properties  of 
geometrical  lines  and  fignreik  The  followmg  diagfam  aad  fOC* 
plaaatoiy  dbsanrstiens  are  therefoae  introdncM,  as  they  may  he 
asefiil  to  those  who  aie  hot  slightly  aeqaainted  with  mathraia> 
tics,  abd  manr  sometames  ea^e  the  better  isfloteed  atadent  the 
doable  of  leierring  to  other  books  fa  infamalion,  veepeeting  the 
signification  of  psitienlar  iexma. 


Amdrele, 

AaitslKatacter.  ^ 

BtbelMi«i. 

C  a  fSKMTv* 

.  DaaArs. 

EaTai^jeiit 

X  a  oesftatb 
m  O  a  CiEHtaiqient 

H  the  Sine  of  Are  a  b, 

I  the  Co-tine. 

K  the  Tened  Sine. 

h  die  91neof  eomplementel  Are  b  c> 


9.  Every  circle  is  supposed  to  be  divided  into  360  degrees, 
and  the  line  which  boonds  the  ciicle,  ud  on  which  therefore 
Ihsse  decrees  may  be  marked,  is  called  its  circimifereaoe.  Any 
limes  eqmdistant  from  each  other  throughout  tlietr  wiiole  extent 

Deieribe  the  leTeral  parti  of  the  dii^gram  represented  m  the  margia* 
Into  how  mai^  degrcef  U«  eirole  Buppoied  to  be  dirided  ? 
Whet  are  parenellbei  ? 
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are  termed  parallel  lines.  Two  lines  not  parallel  but  in  the  same 
plane  must,  if  sufficiently  produced,  meet  in  a  point,  which  is 
called  an  angle.  Angles  are  principally  distinguished  by  the  re« 
lative  inclinations  of  the  lines  by  which  they  are  fonned.  When 
one  line  meets  or  crosses  another  perpendicmarly,  the  angles  they 
form  are  called  right  angles ;  and  any  angle  smaller  than  a  riejht 
angle,  is  styled  an  acute  anffle,  and  any  greater  an  obtuse  an^e. 
But  angles  are  more  precisely  measured  by  reference  to  the  num- 
ber of  degrees  contained  in  an  axe  of  a  circle  Joining  the  two 
lines  by  which  an  angle  is  formed.  Thus  a  right  angle  must  be 
included  within  an  arc  of  a  circle  equal  to  a  quadrant,  or  the 
fourth  part  of  360  degrees,  namely,  90  degrees ;  tod  an  acute 
angrle  included  within  an  arc  only  half  the  extent  of  a  quadrant 
will,  of  course,  be  an  angle  of  45  degrees. 

3.  A  space  or  flat  surrace,  inclosed  by  three  lines,  is  the  most 
simple  01  all  definite  figurcHB,  and  is  called  a  triangle.  Among 
the  varieties  of  these  figures  are  the  rectangular  triangle,  so 
named  because  it  has  one  right  angle;  the  equilateral  triangle, 
which  has  three  sides  of  eaual  extent;  the  isosceles  triangle, 
which  has  only  two' equal  siaes;  aod  the  scalene  triangle,  all  tiie 
sides  of  which  are  of  different  lengths.  Any  space  inclosed  by 
four  lines  is  called  a  quadrilateral,  or  fourHsided  fi^re.  Among 
such  are  included  the  square,  haying  four  equal  sides  and  ririit 
angles;  the  rectangle,  or  oblon?  square,  having  only  the  opposite 
sides  equal ;  the  lozenge,  which  has  equal  sides  and  unequal  an- 
gles ;  and  the  trapezium,  which  has  only  two  of  its  sides  parallel. 
When  the  sides  of  a  quadrilateral  figure  are  parallel,  it  is  termed 
a  parallelogram.  A  line  joining  two  opposite  or  alternate  angles, 
is  called  a  diagonal.  Any  figure  having  several  angles,  and  con- 
sequentljT  several  sides,  is  named  a  polygon. 

4.  Solid  figrures  include  the  tetraeoron,  or  four-sided  solid, 
which  is  the  most  simple  figure  of  the  kind,  as  no  solid  can  have 
less  than  four  sides;  and  when  the  number  of  sides  is  greater,  the 
figure  is  called  either  ahexaedron,  an  octaedron,  an  icoM«dron,  or  a 
polyedron,  according*  to  the  number  of  its  sides. 

5.  Among  polyedrons  may  be  distinguished  the  prism,  formed 

What  eonstitutei  an  angle  f 
By  what  names  are  different  angles  distinguished  ? 
How  are  they  accurately  measured  ? 

How  many  degrees  of  a  circle  are  contained  io  a  right  angle  ? 
What  is  the  most  simple  definite  figure  ? 

What  is  a  rectangular  triangle  ?  an  equilateral  triangle  ?  an  isoteeles 
triangle  ?  a  scalene  triangle  ? 
Wnat  is  a  four-sided  figure  called  ? 

Describe  some  of  the  figurea  that  eome  under  this  denomination. 
What  is  a  diagonal  ? 
What  is  a  polygon  ? 

What  is  the  most  simple  of  solid  figures  ? 
How  many  sides  has  a  hexagon  ? 

How  many  an  octagon  ?  an  icosaedron  and  a  polyedron  f 
Of  what  form  19  a  prism  f 
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of  parallelograms  only,  or  of  parallelograms  and  two  polygons  of 
any  nnmber  of  sides.  Among  the  pnsms  may  be  specified  the 
parallelopiped,  formed  of  six  parallelograms  only ;  ana  amonff  the 
iwrallelopipeds  may  be  noticed  the  cube,  having  six  square  sides. 
The  pyramid  is  a  polyedron,  formed  by  a  polygon  of  any  kind  as 
its  base,  and  as  many  triangular  planes  as  the  polygon  has  sides : 
the  point  where  all  the  triangular  planes  unite  is  called  the  sum- 
mit of  the  pyramid.  The  most  simple  solid  of  this  kind  is  tiie 
tetraedron,  or  fournsided  pyramid,  including  the  base. 

6.  The  terms  sphere,  cylinder,  and  cone,  designate  solid  figures, 
having  either  entirely  or  partially  curved  surfaces ;  and  the  ex- 
pressions spheriod,  cylindroid,  and  conoid,  are  used  to  denote 
solid  figures,  more  or  less  resembling  a  sphere,  a  cylinder,  or  a 
cone,  respectively. 

Natund  Philosophy  is  the  science  which  explains  the  canses  of 
the  various  properties  of  bodies  in  genera],  as  shown  by  the 
changes  which  ttiey  undergo  in  any  particular  circumstances,  or 
the  cSianges  which  they  may  occasion  in  other  bodies,  under  cer- 
tain circumstances.  'JThe  province  of  natural  philosophy  does  not 
extend  to  the  explanation  of  the  doctrine  of  final  causes,  or  the 
immediate  and  positive  reasons  why  particular  effects  talfe  place, 
or  why  certain  bodies  possess  the  peculiar  properties  wiib  which 
they  are  endowed;  but  it  enables  us  to  appreciate'  the  conse- 
quences of  any  body  being  placed  in  a  given  situation,  or  to  fore- 
tel  what  will  be  result  of  any  body  acting  on  another  in  a  certain 
manner. 

7.  Thus,  we  know  nothing  of  the  absolute  cause  of  gravi^  or 
weight,  which  is  that  property  of  bodies  in  consequence  of  which 
they  fall  towards  the  surnice  of  the  earth,  if  raised  in  the  air  by 
any  force  and  then  dropped;  but  natural  philosophy,  while  it 
leaves  us  in  ignorance  of  the  final  cause  of  gravity,  enables  us  to 
determine  a  vast  variety  of  curious  circumstances  with  respect  to 
falling  bodies.  Thus,  it  is  found  that  a  heavy  body,  as  for  in- 
stance a  marble  or  a  musket-ball,  dropped  from  a  high  tower, 
would  fall  faster  as  it  approached  near  to  the  ground  than  it 
would  in  passing  through  the  former  part  of  its  descent;  and  the 
rate  at  which  a  body  falls  through  a  given  space  has  been  ascer- 

How  is  the  parallelopiped  formed  ? 

How  roan}'  sides  has  a  cube  ? 

How  is  a  pyramid  formed  ? 

Where  is  the  summit  of  a  pyramid  ? 

Wliat  is  the  most  simple  solid  of  this  kind  ? 

What  kind  of  figures  are  designated  by  the  terms  sphere,  cylinder, 
and  eone  f 

How  are  those  figures  denominated  that  more  or  lets  resemble  thcM 
figures  ? 

What  is  Natural  Philosophy  ? 

What  arte  some  of  the  doctrioet  beyond  the  explanation  of  Natural 
Philosophy. 

What  is  there  in  the  subject  of  grceoUy  which  is  inexplicable  b^  uk- 
tuHil  philosophy,  and  wliat  does  this  aeienee  ensible  u«  \a  ^«;X«c\siVbi^T««r 
peeling'  it  f 
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tained  by  experiment,  ^und  can  be  calculated  with  the  atmost  ex* 
actness.    So  as  to  the  final  cause  of  electric  and  magnetic  attrac- 
tion various  opinions  have  been  advanced,  and  it  i?  still  involved 
In  obscurity;  out  we  know  by  experience  that  a  magnet  attracts 
iron  witii  considerable  force,  and  mat  a  thin  bar  of  ma^etic  iron,    I 
accurately  poised  on  its  centre,  will,  when  left  free,  point  towards     ' 
the  norUi  with  one  end,  and  towards  the  south  with  the  other ;     I 
and  on  the  latter  property  depends  the  action  of  the  mariner's     ; 
compass,  by  means  of  which  the  sailor,  crossin?  the  pathless  sea, 
is  able  to  ascertain  in  what  direction  his  vessel  is  steering;  and 
to  this  little  instrument,  which  was  unknown  to  the  ancients,  ws 
are  in  a  great  degree  indebted  for  the  important  discoveries  of 
modern  navigators. 

8.'  Whether  light  and  heat  are  owing  to  matter  or  motion  has 
been  left  among  the  questions  which  philosophy  has  hitherto 
been  unable  satisfactorily  to  decide;  but  the  effect  of  light  on  bo« 
dies,  whether  opaque,  transparent,  or  semi-transparent,  the  velo- 
city with  which  it  passes  through  space,  and  the  manner  in  which 
it  is  modified  by  optical  glasses  of  various  forms,  are  among  the 
numerous  interestmg  and  surprising  properties  of  light,  which 
natural  philosophy  has  laid  open^to  our  investigation,  and  which 
we  are  enabled  to  verify  and  illustrate  by  means  of  mathematical 
calculation;  and  the  phenomena  of  heat  and  cold,  with  which  we 
are  so  intimately  familiar,  from  the  sensations  they  occasion,  are' 
equally  hidden  as  to  tlieir  final  cause,  and  equally  wonderful  and 
curious  as  to  their  effects,  the  latter  of  which  alone  afford  an  am- 
ple field  for  the  experiments  and  deductions  of  the  philosophical 
inquirer. 

9.  Astronomy  presents  a  boundless  field  for  research,  and  not- 
withstanding it  has  been  ex{^ored  with  signal  success  in  modem 
times,  yet  the  most  important  discoveries  that  have  been  made 
only  serve  most  distinctly  to  evince  that  the  wisest  and  most  suc- 
cessful investigators  of  the  phehomena  of  the  science  have  merely 
entered  on  the  confines  of  knowledge,  and  enabled  us  to  form 
some  imperfect  estimate  of  those  boundless  regions  which  display 
an  inexhaustible  fidd  for  future  speculation  and  inquiry.  It  has 
indeed  been  ascertained  that  the  sun  and  the  planetary  and  other 
bodies  which  constitute  the  solar  system,  are  influenced  by  the 
same  moving  power  as  that  which  causes  the  fall  of  an  acorn  to 
the  ground,  when  detached  from  the  oak  on  which  it  was  pro- 

What  lias  experience  taught  respecting  niagnetic  and  eleetrie  attrac- 
tion ? 

What  question  respecting  the  nature  of  light  and  heat  has  been  hi- 
tl^rio  utftcUeided  b^  philosophy  ? 

\Vhat  are  some  of  the  properties  of  light  which  natural  philosophy 
lias  laid  open  to  our  investigation,  and  how  sre  these  to  be  verified  f 

In  regard  .to  heatj  what  points  are  known  and  what  unknown  ? 

What  conclusions  have  been  drawn  from  the  most  successful  investi- 
gations  in  astronomieal'seienco  ? 

What  has  been  ascevtained  to  be  the  moving  power  that  influenees  the 
l>odie8  of  the  solar  system  ^ 
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duced ;  and  that  the  attractiye  force  which  retains  the  moon  in  hei 
orfoit,  and  causes  her  reaction  on  the  fluid  parts  of  the  terrestrial 
^lobe  we  inhabit,  producing  the  tides,  may  be  estimated  vrith  ac- 
euracy,  and  subjected  to  mathematical  calculation.  But  there 
aiB  numberless  topics  of  inquiry-— wilb  regrard  to  the  constitution 
ef  the  sun,  the  nature  of  comets,  and  the  causes  of  their  peculuT 
motions,  the  kind  of  medium  which  occupies  tiie  space  beyond 
the  atmospheres  of  the  earth  and  planets,  and  the  relations  that 
may  exist  between  our  solar  system  and  the  numberless  other 
systems,  the  existence  of  which  maybe  inferred  from  the  appear- 
ance of  the  starry  heavens — which  may  for  an  indefinite  period 
aerre  to  exercise  the  talents  of  men  of  genius  and  learning,  but 
eonoeming  which  we  can  hardly  hope  to  attain  an^  knowledge 
approaching  to  certainty,  till  discoveries  and  inventions  in  other 
acienoee  provide  us  with  means  for  investigating  tlie  works 
of  nature,  as  much  superior  to  tiiose  which  we  at  present  possess, 
as  Our  instruments  of  research  surpass  those  employed  by  the  an- 
eieiits. 

10.  "The  proper  business  of  philosophical  inquiry,'*  says  Les 
lie,  <<  is  to  study  careAiUy  the  appearances  that  successively 
emerge,  and  trace  their  mutual  delations.  All  ^ur  knowledge  of 
external  objects  being  derived  through  the  medium  of  the  senses, 
tiiere  are  only  two  ways  of  investigating  physical  facts — ^by  06- 
•ervaiton  or  experiment.  Observation  is  confined  to  the  close  inves- 
tigation and  attentive  examination  of  the  phenomena  which  arise 
in  the  course  of  nature ;  but  experiment  consists  in  a  sort  of  ar 
tificial  selection  and  combination  of  circumstances,  for  the  purpose 
of  searching  minutelv  after  the  different  results. 

11.  ''The  range  of  observation  is  limited  by  the  position  of  the 
spectator,  who  can  seldom  expect  to  follow  nature  through  her  wind- 
ing and  intricate  paths.  Those  observations  are  of  the  most  value 
which  include  the  relations  of  time  and  space,  and  derive  greater 
nicety  from  their  comprising  a  multiplied  recurrence  of  the  same 
events.  Hence  Astronomy  nas  attained  a  much  higher  degree  of 
perfection  tiian  the  other  physical  sciences. 

13.  ''  Experiment  is  a  more  efficient  mean  than  observation  for 
exploring  the  secrets  of  nature.  It  requires  no  constant  fatigrae  of 
watching,  but  comes  in  a  great  measure  under  the  control  of  the 
inquirer,  who  may  often  at  will  either  hasten  or  delay  the  expected 
event.  Though  the  peculiar  boast  of  modem  times,  yet  the  method 

What  is  the  effect  of  this  force  upon  tlie  moon,  and  indirectly  upon 
the  earth  ?    How  are  these  effects  to  be  estimated  ? 

What  subjects  of  inquiry  in  astronomical  science,  are  supposed  to  lie 
beyond  our  present  means  of  investigation  ? 

What  does  Leslie  affirm  to  be  the  proper  business  of  philosophical  in- 
quiry ? 

What  are  the  only  two  methods  of  inTestigating  physical  facts,  and 
what  is  the  province  of  each  ? 

What  circumstance  limits  the  ranee  of  observation  ? 

What  observations  are  of  most  value  ? 

Which  is  the  more  effieient  means  of  exuloriTka  ^«  «ft«c«^  ^*l  \H»kVQs^\ 

B 
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of  proceeding  by  experiment  was  not  wholly  unknown  to  the  an* 
cients,  who  seem  to  have  concealed  their  notions  of  it  under  the  vol 
of  allegory.  Proteu8  signified  the  mutable  and  changing  forms  of 
material  objects ;  and  me  inquisitive  philosopher  was  counselled 
by  the  poets  to  watch  that  slippery  daemon  when  slumbering  on 
the  shore,  to  bind  him,  and  compel  the  reluctant  captive  to  reveal 
his  secrets.*  This  gives  a  lively  picture  of  the  cautious  and  intre- 
pid advances  of  the  skilful  experimenter.  He  tries  to  confine 
the  working  of  nature— he  endeavours  to  distinguish  the  seve- 
ral principles  of  action — ^he  seeks  to  concentrate  £e  predominant 
agent — and  labours  to  exclude  as  much  as  possible  every  disturb- 
ing influence.  By  all  these  united  precautions,  a  conclusion  is 
obtained  nearly  unmixed,  and  not  confused,  as  in  the  ordinary 
train  of  circumstances,  by  a  variety  of  intermingled  effects.  The 
operation  of  each  distinct  cause  is  hence  seversdly  developed.*'! 

13.  The  object  of  Natural  Philosophy  may  be  stated  to  be  the 
study  of  the  general  properties  of  unorgranized  bodies,  or  inert 
substances  in  the  state  ot  soA'cb,  liquids^  airs,  or  gases^  and  those 
which  have  been  termed  ineoereible  or  ethereal  fluids.  It  is  also 
within  the  province  of  the  physical  sciences  to  examine  the  me- 
chanical action  which  bodies,  in  their  different  states,  may  exer- 
cise on  each  other,  and  the  different  circumstances  connected  with 
their  movements. 

14.  The  various  effects  of  the  motions  and  operations  of  bo- 
dies depending  on  their  eeneral  properties  have  hence  been  made 
the  foundation  of  several  distinct  sciences  or  branches  of  know* 
ledge,  which  have  been  usually  classed  with  reference  to  the  se- 
veral forms  of  matter  called  solids,  liquids^and  airs,  or  to  certain 
kinds  of  phenomena,  supposed  to  depend  respectively  on  the  pre- 
sence and  action  of  some  -imponderable  modification  of  matter  or 
ethereal  fluid,  to  which  have  been  referred  thermometrical,  optical, 
electrical,  and  magnetic  phenomena.  Hence  a  treatise  on  Natural 
Philosophy  may  be  conveniently  arranged  under  the  different  de- 
partments of  (1.)  Mechanics,  or  the  doctrine  of  equilibrium  and 
motion  as  respects  solids,  including  Statics  and  Phoronomics  or 
Dynamics ;  (2.)  Hydrostatics,  including  Hydrodynamics  or  Hy- 
draulics, relating  to  the  equilibrium  and  motion  ofli<]^uids;  (3.) 
Pneumatics,  including  Aerostatics,  and  Aerodynamics,  or  the 
effect  of  forces  on  air  and  other  caseous  fluids ;  (4.)  Acoustics,  or 
the  theory  of  sound,  comprehending  observations  on  musical  and 
vocal  sounds;  (5.)  Pfronomics,  or  the  investigation  of  the  causes 
and  effects  of  heat,  or  more  generally  of  change  of  temperature ; 

What  is  the  ohject  of  Natural  Philosophy  ? 
How  have  its  divisions  heen  formed  ?  % 

Whut  are  the  different  departments  under  which  a  treatise  on  Natural 
Philosophy  may  be  properly  arranged  ? 
Of  what  does  each  or  these  departments  treat  ? 

*  V.  Virgil.  Geoi*gio.  lib.  iv. 

f  Introduction  to  £lement8  of  Natural  Philosophy. 
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(6.^  PuuTONOMiCB  or  Optics,  includin|^  the  theonr  of  light  and 
yision;  (7.)  EuECTRO-MAGinETisM,  which  treats  of  the  causes  of 
electric  and  magnetic  attraction  and  repulsion. 

15.  The  idea  of  absolute  or  indefinite  space  is  obtained  by  ab- 
straction, or  conceiving  in  imagination  the  absence  of  all  bodies, 
or  of  all  the  properties  of  matter.  Every  part  of  this  space,  or 
rather  o£  this  imaginary  void  or  vacuum,  which  can  be  conceived 
to  be  included  in  any  way  between  limits,  is  called  relative  space. 
The  term  body  is  used  to  designate  limited  extension,  to  which  are 
attached  any  of  the  properties  of  matter.  That  which  distinguishes 
in  general  a  simply  extended  bodv  from  a  void  space  or  vacuum,  is 
the  property  of  impenetrability,  that  is,  the  quality  in  consequence 
of  which  a  body  occupies  a  certain  space,  and  excludes  from  it  all 
other  bodies. 

16.  We  acc[uire  a  knowled^  of  the  properties  of  matter  through 
our  senses,  either  by  immediate  observation,  or  by  experimental 
inquiry  with  the  aid  of  instruments.  The  senses  of  sight  and  feel- 
ing stford  us  abundance  of  i^ormation  concerning  the  properties 
of  bodies  around  us,  but  our  knowledge  may  be  vastly  extended 
when  we  assist  the  former  by  means  of  optical  glasses,  which  open 
new  worlds  to  our  view,  or  when  by  means  of  delicate  instruments 
we  measure  degrees  of  temperature,  electricity,  or  magnetic  power. 

17.  Solid  bodies  are  those  which,  like  stone  or  wood,  present  a 
sensible  resistance  when  touched,  pressed,  or  handled.  They 
may  be  cut  into  various  forms,  and  preserve  without  difficulty  the 
figures  which  are  given  to  them,  or  which  they  possess  naturally.. 
Sand,  powders,  and  similar  substances  consist  of  small  particles 
not  united  to^etiier;  yet  though,  collectively,  masses  of  sand  present 
but  little  resistance  to  pressure,  the  individual  minute  particles 
have  all  the  characteristics  of  solid  matter,  and  though  readily 
dispersed  by  force,  they  may  be  assembled  in  heaps  more  or  less 
considerable. ' 

18.  Liquid  substances  are  those  which,  like  water,  manifest 
immediately  to  the  touch  but  a  very  feeble  resistance,  but  quite 
sufficient  to  indicate  their  presence,  even  when  in  a  state  of  repose. 
They  cannot  be  jgrasped  between  die  fin^rers  like  solid  bodies,  nor 
can  they  be  col&rt^  in  heaps,  or  made  to  take  any  particular 
figure,  except  that  of  the  vessel  in  which  they  mav  be  included. 

19.  Aeriform  fluids  are  in  general  invisible  bodies,  which  like 
the  air  surrounding  us  cannot  be  felt,  and  afford  no  evidence  of  their 
presence  to  the  sense  of  touch  when  in  repose.  But  their  existence 
is  ascertained  with  abundant  certainty  when  they  are  in  motion ; 
thus  no  one  can  doubt  the  materiality  of  atmospheric  air  afler 

How  do  you  obtain  ad  idea  of  abtohtte  or  ir^finite  space  ? 
What  is  relative  spaoe  ? 
What  is  meant  by  the  term  body? 
What  is  the  property  of  impenetrability  ? 

By  what  means  do  we  acquire  a  knowledge  of  the  properties  of  mat* 
tcr? 
What  are  soUdhodiesi  liquid  substances  ?  aerUoixa^'^^^X 
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experiencing  the  violent  exertion  necessary  in  walking  against  a 
high  wind.  Aeriform  bodies  maybe  confined  in  yessels,  whence 
they  exclude  liquids  or  other  bodies,  demonstrating  their  impe* 
netrability,  though  they  readily  b^ome  compressible  to  a  peat 
extent,  but  there  are  limits  beyond  which  it  is  impossible  to 
reduce  them. 

20.  Incoercible  or  imponderable  fluids  do  not  manifest  their 
existence  by  the  exhibition  of  impenetrability  or  weight,  which 
have  usually  been  regarded  as  essential  properties  of  matter;  and 
they  must,  therefore,  oe  considered  as  hypothetically  admitted,  in 
order  to  account  for  certain  phenomena,  which  appear  to  depend 
on  the  presence  and  action  of  one  or  more  ethereal  media.— 
That  lignt  is  such  an  imponderable  fluid,  emanating  from  the  sun, 
was  one  of  the  generally  received  doctrines  of  £e  Newtonian 
Philosophy;  the  caloric  or  matter  of  heat  of  the  French  chemists 
was  supposed  to  be  a  fluid  of  a  similar  nature ;  and  men  of  science 
who  have  written  concerning  magrnetism  .and  electricity  have 
vaguely  employed  the  terms  magnetic  fluid  and  electric  fluid  to 
designate  the  unknown  causes  of  the  phenomena  they  describe.  ^ 

21.  At  present  it  is  perhaps  the  more  prevalent  opinion  of  phi- 
losophic inauirers  that  there  exists  at  least  one  kind  of  ethereal, 
imponderable  medium,  the  diiSerent  modifications  and  modes  of 
action  of  which  give  rise  to  tiie  various  phenomena  of  light,  heat, 
and  electro-magnetic  attraction  and  repulsion.  Thus  it  may  be 
supposed  that  as  sound  is  conveyed  to  our  ears  by  the  vibrations  of 
the  air,  so  light  affects  our  eyes  through  the  immensely  more 
rapid  vibrations  of  the  electro-luminous  ether.  The  existence  of 
such  a  medium,  manifestinff  neitiier  weight  nor  impenetrability 
capable  of  being  appreciated  oy  tiie  most  delicate  instruments,  may 
be  fairly  inferred  nrom  the  movements  which  take  place  in  bodies 
under  certain  circumstances  when  all  the  ponderable  and  coercible 
kinds  of  matter  have  been  carefully  excluded,  and  these  move- 
ments therefore  must  be  ascribed  to  the  presence  of  an  ethoreal 
influence,  which  can  penetrate  glass  and  other  dense  substances 
which  are  impervious  to  the  rarest  gases  or  most  attenuated  and 
subtile  vapours  with  the  existence  <n  which  we  are  acquainted. 

22.  But  such  speculations,  if  not  rather  curious  tiuui  usefiil, 
would,  if  extended,  be  incompatible  with  the  phm^and  objects  of 
the  present  work.  Therefore,  ttiough  it  would  luive  been  improper 
to  have  omitted  all  mention  of  them,  they  must  be  dismissed  lor 
the  present,  with  the  preceding  short  notice;  especiallv  as  oppotr- 
tunities  for  resuming  them  iirall  occur  in  some  of  the  enmiing 
treatises. 

How  is  their  eziitenee  'mseertain^,  .and  how  is  their  impenetrability 
demonstrated? 

How  do  the  mcoerdble  or  impondgnUtle  fluids  diflN*  ^m  fl^te  ? 

What  hare  hitherto  been  considered  imponderable  fluids  f 

What  is  the  present  more  preralent  opinion  rejecting  the  imponder- 
able medium  ? 


MECHANICS 

1.  There  is  perhaps  no  deDartmetit  of  Natural  Philosophy  of 
Such  extensive  importance  as  Mechanics,  since  its  principles  are 
founded  on  those  properties  of  matter  which  are  -among  me  most 
ohvions  and  essentiiu, — ^namel^,  Mohility  and  Weight ;  and  ihe 
effects  produced  by  the  operation  of  these  properties  are  so  dis- 
tinct and  certain,  that  thev  can  be  subiected  to  mathematical  cal- 
culation. Hence  Dr.  Wallis  has  described  Mechanics,  with 
some  degree  of  propriety,  as  the  "  Geometry  of  Motion.'* 

2.  The  designation  of  this  branch  of  knowledge,  like  most 
other  scientific  terms,  is  derived  from  a  Greek  word,*  si^ifying 
a  Machine  /  and  Mechanics  may  be  considered  as  the  Philosophy 
of  Machinery,  or  the  Theory  of  Moving  Powers.  Many  writers 
have  treated  of  this  science  under  two  heads,  regarding  those 
principles  which  relate  to  the  gravity  or  weight  and  to  the  equi- 
librium of  bodies,  or  the  powers  which  preserve  bodies  in  the 
state  of  rest,  as  the  subject  of  the  doctrine  of  Statics  ;\  and  the 

Srinciples  relating  to  the  causes  of  movement,  or  the  forces  pro- 
ucing  motion,  acting  by  means  of  solids,  as  forming  the  subject 
of  the  doctrine  of  Dynamics.:):  But,  as  the  respective  states  of 
bodies  at  rest,  and  bodies  in  motion,  may  be  most  correctly  con- 
sidered as  the  consequences  of  different  modes  of  action  of  the 
same  causes,  they  may  be  instructively  illustrated  by  showing 
their  relations  to  each  other,  for  which  reason  it  will  be  proper  to 
treat  of  them  in  conjunction,  rather  than  separately. 

3.  From  this  statement  of  the  nature  and  objects  of  Mecha- 
nics, it  will  at  once  appear  that  we  have  by  no  means  overrated 
the  importance  of  an  acquaintance  with  this  science  to  the  Stu- 
dent of  Natural  Philosophy.  For  all  motions  are  more  or  less 
subject  to  the  laws  of  Mechanics,  and  without  a  knowledge  of 
those  laws,  it  is  impossible  to  appreciate  the  effects,  or  calculate 
the  consequences,  of  those  motions  of  the  celestial  bodies  which 
occasion  the  phenomena  of  Astronomy ;  or  of  those  properties  of 
fluids,  whether  liquid  or  graseous,  on  which  depend  the  principles 
of  Pneumatics,  Hydrostatics,  and  Hydraulics ;  or  indeed  of  any 
circumstances  affecting  the  ponderable  forms  of  matter.  And 
those  sciences  which  relate  to  Heat,  Light,  Electro-magnetism, 

Upon  M'hat  properties  of  matter  are  the  principles  of  mechanies 
founded  ? 

What  definition  is  eiven  of  mechanics  ? 

Under  what  heads  has  this  science  generally  been  treated  ? 

How  extensive  is  the  application  of  mechanical  principles  to  other  de- 
partments of  science  ? 

t  From  the  Greek  verb  Ztmo*,  to  stand,  ^r  be  ftjLfcA  \  w  Vc^T^iXrc^w^^ 
the  »ct  of  standing. 
/  From  the  Greek  word  Auv»fti(^  power  or  Cor&c. 

ft  2  VI 
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Vital  Power,  either  in  Animals  or  Vegetables,  or  any  other  phe- 
nomena which  appear  to  be  independent  of  the  force  of  Vravitap 
tion,  yet  derive  most  important  aid  from  Mechanics;  ^r  it  is 
chiefly  by  means  of  mechanical  instruments  that  the  influence  of 
heat,  li^t,  electricity,  magnetism,  or  the  eflfec^ts  of  vitality,  as  in 
the  motion  of  the  blood  in  animals,  or  of  the  sap  or  other  fluids 
in  vegetables,  can  be  estimated.  Mechanics  may,  therefore,  be 
considered  as  the  basis  or  groundwork  of  the  other  Physical 
Sciences,  or  branches  of  Natural  Philosophy. 

4.  Previously  to  entering  on  the  consideration  of  the  Theory 
of  Mechanical  Powers,  it  will  be  necessary  to  show  the  nature 
and  effects  of  Mobility,  or  the  capacity  for  motion,  and  of  Weight, 
or  the  gravitation  of  bodies, — as  these  are  the  general  properties 
of  matter  on  which,  as  already  stated,  the  phenomena  of  Mecha- 
nics depend. 

MobiUty.    ' 

5.  Every  individual  body,  or  portion  of  matter,  mutt  take  up 
a  certain  space.  This  may  be  considered  as  the  absolute  place 
of  the  body,  in  reference  to  its  situation  simply  and  singly ;  or 
as  its  relative  place,  or  situation  with  respect  to  other  oodEies. 
The  relative  situation  of  a  body  may  be  changed  either  by  its 
own  motion,  or  by  the  motion  of  the  bodies  around  it.  A  body 
may  exhibit  the  appearance  of  actual  motion,  or  absolute  chanffe 
of  place,  while  it  remains  at  rest,  its  change  of  place  being  only 
relative.  Thus,  the  Moon,  when  a  train  of  thin  fleecy  clouds  is 
passing  over  its  face,  if  we  attentively  fix  our  eyes  on  it,  seems 
to  move,  and  the  clouds  to  stand  still,  though  this  is  only  an  ap- 
parent motion  of  the  Moon,  in  a  direction  contrary  to  that  m 
which  the  clouds  are  really  moving.  And  if  we  hold  a  common 
eyeglass,  or  any  transparent  substance,  a  few  inches  before  the 
eyes,  and  move  it  backwards  and  forwards,  looking  through  it  at 
any  object,  as  an  inkstand  or  knife,  which  remains  unmoved,  it 
will,  as  in  the  former  case,  exhibit  an  apparent  motion,  arising 
from  the  actual  movement  of  the  glass. 

6.  Mobility  is  the  capacity  of  a  body  for  change  of  place  by 
its  own  motion,  it  thereiore  infers  the  capability  of  real  or  actiud 
motion,  and  not  of  relative  motion  only.  Yet  this  change  of 
place  may  sometimes  be  most  readily  estimated  by  the  conse- 
quent relative  motion  which  accompanies  it.  Thus,  a  person 
sailing  in  a  boat  on  a  smooth  stream,  or  going  swiftly  in  a  coach 
along  an  even  road,  would  hardly  perceive  the  motion  of  the  ve« 
hide  except  by  the  change  of  scene,  and  trees  or  buildings  on 
the  banks  of  the  stream,  or  by  the  road-side,  would  seem  to  move 
in  an  opposite  direction  from  that  of  die  real  motion  of  the  boat 
or  carriage.    Every  tolerably  well-informed  person  now  admits 

What  is  meant  by  the  abtohUe  place  of  a  body  ? 
What  by  the  relative  f 
Whati$moMity? 
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that  tke  ezfth.  xoDves,  and  the  sua  ttands  still ;  but  the  motion  of 
Ike  former  Is  not  perceptible,  and  the  apparent  daily  motion  of 
the  latter,  being  so  obvious  to  oui  senses,  was,  till  within  the 
last  three  centuries,  consideied  as  a  real  motion,  the  existence  of 
>prliich  could  not  even  be  questioned  with  impunity. 

7.  Without  some  active  cause  motion  can  neither  conomenM 
nor  cease ;  since  a  body  in  the  state  of  rest  wduM  always  lemaui 
unmoved,  if  never  subjected  to  the  influence  of  a  movmg  forcey 
and  on  the  contrary,  a  body  when  set  in  motion  would  go  on  to 
move  for  ever,  if  it  met  with  no  opposition  to  its  promss.  I 
may  seem  inconsistent  with  this  doctrine,  that  any  hAj  set  ii]^ 
motion,  within  the  range  of  our  observation,  will  continue  t» 
move  without  a  fresh  impulse  for  a  time,  but  at  length  will  slacken 
its  speed,  and  finally  resume  the  state  of  rest,  liius,  a  cannon* 
ball  will  pass  a  certain  distance  when  dischargred  from  the  mouth 
of  a  cannon,  but  if  it  does  not  strike  a  solid  body,  still  it  wUl 
ultimately  fall  to  the  ground;  and  a  marble  or  a  cricket-ball 
thrown  forwards  with  the  hand,  if  it  meet  no  obstacle,  will  reach 
only  a  certain  distance,  proportioned  to  the  force  used  in  throw- 
ing it. 

8.  In  both  these  and  all  similar  cases,  the  termination  of  the 
motion  of  the  moving  body  is  owing  chiefly  to  two  causes.  Tfam 
first  of  these  is  gravitation  towards  the  earth's  centre,  common 
to  all  bodies,  and  which  constantly  tends  to  keep  them  at  rest, 
poressing  on  the  surface  of  the  earth  with  a  degree  of  force  pro- 
portioned to  their  weight  and  bulk ;  or,  if,  as  in  the  case  of  the 
camion-ball,  they  pass  through  the  air,  the  force  of  gravitation 
then  tends  to  draw  them  continually  nearer  to  the  earth,  till  at 
lengtii  they  fall  and  rest  upon  it.  But  the  second  and  more  ob- 
vious cause  of  the  decay  of  motion  is  the  resistance  of  the  me- 
dium through  which  the  moving  body  takes  its  course ;  and  thus, 
a  body  moving  through  the  air,  like  the  cannon-ball,  gradually 
becomes  less  and  less  able  to  pass  forward  till  its  moving  force 
is  destroyed.  It  will  be  readily  perceived,  that  the  resistance  of 
the  medium  to  the  body  which  passes  through  it,  must  depend 
much  on  its  density  or  consistence ;  thus,  a  ball  driven  by  a  cer- 
tain force  would  pass  further  through  the  air  than  througn  water, 
and  fiirther  through  the  latter  than  through  a  denser  fluid,  as 
brine  or  syrup,  or  through  solids,  as  sand  or  clay. 

9.  Another  circumstance  which  will  afieet  the  motion  of  a 
body,  with  relation  to  the  medium  through  which  it  travels,  must 
be  taken  into  the  account,  and  this  is  the  form  of  the  moving 
body.  A  small  body  will  meet  with  less  resistance  than  a  large 
one  of  the  same  weight ;  and  a  body  which  presents  an  extensive 

State  some  familiar  examples,  and  show  how  real  and  apparent  motion 
may  best  be  distinguished. 

How  is  a  body  at  rest  to  be  put  in  motion,  and  when  in  motion,  how 
brought  to  rest  ? 

What  other  eironm jtanoef  go  to  retard  or  aoMtUx%\A  t\k<t  toA^^ti  ^ 
bodies/ 
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Surface  to  the  medium  throucli  which  it  moves,  trill  be  retarded 
in  its  passage  much  more  than  one  with  a  small  surface.  A 
sheet  of  paper  stretched  out  to  its  full  extent,  and  suffered  to  fall 
a  few  feet,  and  then  folded  up  into  a  small  compass,  and  again 
suffered  to  fall  from  the  same  neight,  will  afford  an  ezemplinca- 
tion  of  the  resistance  of  the  atmosphere  to  falling  bodies ;  and 
an  illustration  of  a  different  kind,  but  to  the  same  purpose,  may 
be  drawn  from  the  advantage  which  sharp-edged  and  pointed  in- 
struments have  over  blunt  ones  in  penetrating  hard  or  tough  sub- 
stances. A  body  moving  in  contact  with  a  solid  substance,  as 
when  it  is  rolled  or  dragged  along  the  ground,  is  also  affected  by 
friction.  This  obstacle  to  motion  is  proportioned  to  the  rough- 
ness or  smoothness  of  the  sur&ce  over  which  the  body  passes : 
thus,  a  marble  thrown  with  any  given  force  will  run  much  fur- 
ther along  an  even  pavement,  than  along  an  equally  level  gravel 
walk ;  and  still  further  along  smooth  ice.  Here  agrain  the  form 
of  the  moving  body  has  much  influence  on  the  velocity  and  ex- 
tent of  motion ;  for  the  fewer  the  points  of  contact  between  the 
surface  and  that  which  passes  over  it,  the  more  freely  will  motion 
take  place.* 

10.  All  bodies  subject  to  our  control  are  exposed  to  the  opera- 
tion of  gravity,  in  various  degrees,  and  from  this  cause,  mde- 
pendent  of  the  resistance  of  the  medium  which  they  traverse,  or 
of  the  effect  of  friction,  their  motions  cannot  be  indefinitely  con- 
tinued, but  must  decline  and  terminate  in  a  given  time,  according 
to  the  circumstances  in  which  they  are  placed.  But  though  per- 
petual motion  cannot  be  exhibited  by  any  methods  which  numan 
skill  or  indu^ry  can  contrive,  yet  we  have  continually  before  us 
the  display  of  bodies  which  have  been  moving  with  undiminished 
velocity  for  ages  past,  and  which  no  power  but  that  which  go- 
verns all  nature  can  prevent  from  moving  in  the  same  manner  for 
innumerable  ages  to  come.  The  bodies  to  which  we  refer,  as 
will  probably  be  anticipated,  are  those  whose  motions  are  the  ob- 
jects of  the  science  of  Astronomy ;  and  though  that  subject  will 
not  come  under  our  immediate  discussion,  yet  the  general  nature 
of  the  forces  which  occasion  the  revolution  of  the  celestial  bodies 
will  be  explained,  and  the  causes  of  their  uniform  and  uninter- 
rupted motion  will  be  illustrated. 

11.  That  state  of  bodies  just  described,  in  which  motion  or 
the  cessation  of  motion  can  take  place  only  in  consequence  of  an 
extraneous  cause,  has  been  termed  Inertia,  which  signifies  inao- 

What  are  some  of  tlie  examples  which  illustrate  this  point  ? 

What  other  cause  is  there,  independent  of  these,  which  operates  upoa 
all  bodies,  limiting  their  motion  and  precluding  the  possibilitj  of  perpe- 
tual motion  by  human  skill  ? 

What  is  inertia? 


*  Tbi§  statement  is  to  be  understood  as  limited  by  the  greater  or  lest 
difBculty  With  which  the  surface  can  be  abraded. 
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tivity,  equally  opposed  to  motion  when  at  rest,  and  to  rest  when 
in  motion ;  so  that  if  a  ^ven  force  is  required  to  make  a  body 
move  with  a  certain  velocity,  the  same  force  will  be  required  to 
destroy  its  motion.  When  a  garden  roller  is  being  drawn  along 
a  leyel  surface,  the  exertion  necessary  to  stop  it  suddenly,  at  any 
giyen  point,  would  be  precisely  the  same  as  would  be  requir^ 
to.moye  it  backward,  if  it  were  at  rest,  and  of  course  the  same 
that  was  applied  to  set  it  in  motion  at  first. 

12.  Any  force  applied  to  produce  motion  may  be  called  Power 
or  impulse,  which  may  be  either  continued,  as  in  the  case  of 
pressure,  or  intermitting,  as  in  the  case  of  impact  or  percussion. 
Whateyer  opposes  motion  so  as  to  retard  the  movinff  body,  destroy 
its  motion,  ija  drive  it  in  a  contrary  direction,  may  be  termed  Re- 
sistance, and  its  effect,  reaction  or  counteraction.  It  is  one  of 
the  laws  of  motion  that  action  and  reaction  are  always  equal  and 
contrary.  Thus,  in  pressing  down  the  empty  scale  of  a  balance, 
while  uie  other  scale  held  a  five  pound  weight,  it  is  obvious  that 
the  force  exerted  must  be  equal  to  five  pounds ;  but  if  one  scale 
had  been  loaded  with  fifteen  pounds,  and  the  other  with  only  ten, 
the  equilibrium  might  still  be  preserved  by  pressing  on  the  latter 
with  a  force  equal  to  five  pounds  only.  And  if  a  man,  sitting  in 
a  boat  on  a  canal,  draws  towards  him,  by  means  of  a  rope, 
another  boat  of  equal  weight,  they  will  meet  at  a  point  half-way 
from  the  places  wnence  they  began  to  move.  Suppose,  however, 
the  second  boat  to  be  so  laden  as  to  be  twice  the  weight  of  the 
first,  it  must  move  the  slower  of  tiie  two,  and  consequently  the 
point  of  meeting  would  be  nearer  the  second  boat  than  the  first. 
If  a  body  in  motion  strikes  another  hoAj  of  equal  mass  at  rest, 
the  two  bodies  will  move  together,  but  witii  only  half  the  original 
velocity  of  the  first,  the  other  half  having  been  expended  in  over- 
coming the  inertia  of  the  second  body.  Corresponding  effects 
will  take  place,  whatever  difference  mere  may  be  between  the 
masses  of  the  two  bodies ;  for  if  the  second  body  should  be  dou- 
ble the  mass  of  the  first  body,  the  common  velocity  after  the  im- 
pact of  the  two  bodies  would  be  one-third  that  of  the  fijst ;  and 
if  the  mass  of  tiie  first  body  be  to  that  of  tiie  second,  as  5  to  7, 
the  common  mass  after  impact  will  be  12 ;  and  as  the  second  will 
deduct  from  the  motion  of  the  first  m  proportion  to  its  mass,  the 
motion  lost  by  the  first  body  will  be  seven-twelfths,  and  the  mo- 
tion retsdned  would  be  five-twelfths. 

13.  If  two  bodies  are  both  in  motion  in  the  same  direction,  and 
one  overtake  and  impinge  on  the  other,  suppose  the  masses  of  the 
two  bodies  to  be  the  same,  and  the  velocity  of  the  first  to  be  7, 
and  that  of  the  second  to  be  5,  their  common  velocity  aft;er  im* 
pact  will  be  6,  or  half  the  sum  of  the  two  velocities.  But  if  the 
masses  are  unequal,  the  mass  of  each  must  be  multiplied  sepce 

Whatis^ower/ 

What  resittanee  ? 

What  it  one  of  the  lawi  of  motion  ? 

Give  aome  of  the  iUastntionf^ 
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rately  by  ite  velocity,  and  th«  products  added  together,  and  their 
sum  divided  by  the  sum  of  the  two  masses  will  give  the  common 
velocity.  When  two  bodies  are  moving  in  opposite  directions, 
with  the  same  velocity,  and  having  eaual  masses,  action  and  re- 
action being  equal,  both  motions  will  be  destroyed.  Suppose, 
however,  the  masses  to  be  alike,  and  the  velocity  of  the  first 
body  to  be  10,  and  that  of  the  otiier  to  be  6,  the  first  body  will 
lose  6  parts  of  its  velocity,  which  will  be  requisite  to  neutralise 
or  destroy  the  opposite  velocity  of  the  second  body,  and  ^e  re- 
maining 4  parts  of  the  velocity  of  the  first  body  being  divided 
between  the  two,  they  will  move  together  in  the  direction  taken 
by  the  first  body  with  a  common  velocity  equal  to  2. 

14.  When  the  masses,  as  well  as  the  velocities,  are  unequal, 
the  common  velocity  of  two  bodies  after  impact  may  be  found 
by  multiplying  the  numbers  denoting  the  masses  by  those  ex- 

Sressing  the  velocities  respectively,  subtracting  the  less  pro- 
net  from  the  greater,  and  dividing  the  remainder  by  the  sum  of 
the  numbers  denoting  the  masses  :  the  quotient  will  then  show 
the  velocity  with  which  the  bodies-  will  move  together,  in  the  di- 
rection of  the  body  having  the  neatest  quantity  of  motion. 

15.  An  experimental  illustration  of  the  equality  of  action  and 
reaction  in  the  collision  of  bodies  may  be  thus  exhibited : 

Suppose  a  and  o  to  be  two  inelastic  balls,* 
suspended  together  at  e,  by  threads  of  eqirai 
lengths,  so  that  they  may  be  m  contact  when  at 
rest ;  and  let  dehes.  graduated  arc,  over  which 
the  balls  may  oscillate  freely ;  then,  if  the  ball 
b  be  moved  a  certain  number  of  degrees  towards 
e,  and  let  fell  so  that  it  may  impinge  on  the  ball 
a,  both  together  will  move  towards  d,  through  a 
number  of  degrees  proportioned  to  their  com- 
mon veloci^. 

Since  it  appears  from  the  foregoing  observations  to  be  an  esta- 
blished principle  of  Mechanics,  that  the  force  or  impetus  of  a  body 
in  motion  is  to  be  estimated  by  its  mass  and  velocity,  it  Inust  bo 
concluded  that  a  body,  the  mass  of  which  is  very  inconsiderableii 
may  be  made  to  act  with  the  same  force  as  another  body  the  mass 


How  do  you  find  the  oommon  velocity  of  two  equal  bodies  which  im- 
pinge against  each  other  ?  State  separately  the  cases  where  one  of  them 
IS  at  rest  before  impact,  when  they  move  in  the  same  and  when  in  oppo- 
site directions.  « 

How  do  you  find  the  common  velocity  after  impact  when  the  masses 
us  well  as  velocity  differ  ? 

Describe  the  experiments  which  demonstrate  the  eqnality  of  action 
and  reaction. 

*  No  sqbstanoe  In  nature  is  wholly  destitute  of  elasticity,  but  soft  day, 
which  is  among  the  least  elastic  of  solid  bodies,  may  be  used  to  mmko 
tlie  baJh  for  the  iibo?e  experiment 
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of  which  is  much  greater,  provided  the  gmaller  body  has  a  relodtj 
communicated  to  it  greater  than  the  Telocity  of  ttie  larger  body, 
in  the  same  proportion  that  the  mass  of  the  latter  surpasses  that 
of  the  former.  Thus,  ajpincushion  weighing  half  an  ounce  might 
produce  as  jpreat  an  effect  as  a  cannon-ball  weighing  thirty-six 
pounds,  proYided  the  pincushion  had  1 152  times  the  veTocity  of  the 
cannon-ball;  for  1152  half  ounces  being  equal  to  36  pounds,  it 
must  be  obvious  that  the  velocity  of  the  pincushion  would  be  Just 
so  much  greater  than  the  velocity  of  the  cannon-ball,  as  the  mass 
of  the  latter  would  be  greater  than  that  of  the  former. 

16.  Hence  as  the  momentum  or  effect  of  moving  force  is  to  be 
estimated  by  the  velocity  of  the  motion  and  the  weight  or  mass 
of  the  moving  body  taken  together,  it  may  be  perceived  how  it 
happens  that  a  small  mass  may  produce  an  extraordinary  effect 
when  moving  with  great  velocity.  Thus,  a  tallow  candle  fired 
from  a  gun  will  pierce  a  deal  board.  On  the  other  hand  a  great 
effect  may  be  proauced  by  a  small  velocity  if  the  moving  mass  is 
extremely  great.  As  for  instance,  a  heavily  laden  ship  of  j^^eat 
burden,  afloat  near  a  pier  wall,  may  approach  it  with  a  velocity  so 
small  as  to  be  scarcely  observable,  yet  its  force  will  be  sufficient 
to  crush  a  small  boat. 

17.  When  two  bodies  meet  in  consequence  of  moving  from 
opposite  directions,  each  body  will  sustain  a  shock  as  grreat  as  if 
one  body  at  rest  had  been  struck  by  the  other  with  a  torce  equal 
to  the  sum  of  both  ih&i  forces.  Suppose  two  persons  of  e<^ual 
weight  walking  in  opposite  directions,  one  at  the  rate  of  two  miles 
an  hour,  and  the  oUier  at  the  rate  of  font  miles,  if  they  should  sud- 
denly come  in  contact,  each  would  receive  a  shock  as  ffreat  as  if  he 
had  been  standing  still,  and  another  had  run  against  him  moving 
at  the  rate  of  six  miles  an  hour.  In  the  ancient  tournaments  when 
mailed  knights  met  in  full  career,  prodigious  must  have  been  the 
shock  when  the  collision  was  direct,  and  both  would  often  be 
overthrown  with  a  force  proportioned  to  their  joint  weights  and 
velocities.  So  when  two  vessels  under  sail  run  foul  of  each  other, 
suppose  one  of  them  eight  hundred  tons  burden,  and  the  other 
twelve  hundred  tons,  their  velocities  or  rates  of  sailing  beinff 
equal,  each  would  sustain  a  shock  eaual  to  that  which  a  vessel 
would  receive  if  at  anchor,  and  strucK  by  another  vessel  of  two 
thousand  tons  burden,  sailing  at  the  same  rate  with  the  vessels  in 
question.  Yet  though  the  shock  would  be  the  same,  the  conse- 
quences would  be  most  disastrous  to  the  smaller  vessel,  the  other  . 
being  protected  in  a  grreater  degree  from  injury  by  its  superior 
strengtn  and  bulk. 

18.  Elasticity  being  a  common  property  of  matter,  and  many 
substances  employed  for  a  variety  oi  purposes,  as  several  kinds  of 
wood  and  metal,  possessing  that  property  in  a  hig^  degree,  its 

What  remarkable  examples  can  be  cited  of  the  effect  of  momentum 
•n  bodies  at  rest  ? 

What  practical  illostrations  can  be  given  of  the  eff««t  oC  \iO^\«^^  «&»» 
eoontering  each  other  irhen  moving  in  oppotUe  d\Teel\oTii^ 


ipflaBDce  in  modifying  tbe  o^teration  of  monnjf  foTcei  mast  not  be 

□eg^ected. 

The  different  effects  exhibited  by  bodies  almost  inelastic  end  thoM 
which  are  highly  elastic  may  be  illustraied  by  the  simple  experi- 
ment of  dropping  a  ball  of  soft  clay  or  war  from  any  given  height 
on  a  solid  pavement,  and  then  letting  fall  from  the  same  height  ■ 
ball  ofboi-wood  or  iTorr  of  equal  weight  with  the  clay.  The 
fi^tball  will  ^ve  way  to  ihepressare  of  the  pavement,  and  become 
denied  or  flattened  on  the  side  on  which  it  rests,  while  the  latter 
ball  wiir  rebound  from  the  pavement  with  a  foit^e  proportioned  to 
the  height  from  which  it  fell.  This  lesiliency  or  lebonnd,  in  an 
ivory  ball,  is  partly  occasioned  by  its  giving  way  to  the  pressure 
of  the  pavement,  but  unlike  the  clay  it  recovers  its  shape  almost 
instantaneously,  its  surface  thus  acting  as  a  spring  against  the  pave- 
ment, Thatahard  substance  like  ivory  iscompreasedby  stnlring 
against  a  similar  substance,  may  be  shown  by  making  a  small  dol 
with  ink  on  the  surface  of  one  ball,  and  then  bringing  it  gently  in 
contact  with  anchor  ball  at  that  point,  when  a  small  mark  will 
also  appear  on  the  latter  ball ;  but  if  the  balls,  one  being  marked  as 
before,  be  brought  into  contact  with  considerable  force,  as  by 

Eressure  or  collision,  a  much  larger  mark  will  be  found  on  the  latt^ 
all  than  before ;  proving  that,  tiiough  both  have  recovered  their 
shape,  they  must  have  undergone  compression. 

_■_  19.  Lettwoivoryballsof  equal  weight,ai, 

/       \  be  suspended  by  Uireads,  as  in  the  annexed 

/  \  figure,  if  the  former  be  then  drawn  aside  to 

/  \        ''  ^"^  suffered  to  fall  against  the  latter,  it 

/  \       will  drive  it  to  rf,  or  a  distance  equal  to  diat 

9      ,  . ,  .       ^  through  which  the  first  ball  fell ;  but  it  will 

»         \  Iw       y    itself  rest  at-  a,  having  pven  up  all  its  own 

*    •  moving  power  to  the  second  ball. 

If  six  ivory  balls  of  equal  weight 

be   hung  by   threads  of  the   same 

length,  and  the  ball  a  be  drawn  oul 

from  the  perpendicular,  and  then  let 

fall  against  the  second,  that  and  the 

'  other  four,  c  d  cf,  will  continue  sta- 

''  tionary ;  but  the  last  ball  6  will  fly 

-  ^   -  ~  off  to  B,  being  the  same  distance  as 

that  through  which  the  firstball  tell.  Here  the  motion  or  rather  the 

'   moving  force  of  the  ball  a  is  propagated  through  the  whole  train  to 

the  ball  b,  which  finding  no  resistance  is  acted  on  by  the  whols 

force.    This  experiment  repealed  with  any  number  of  balls  would 


niu> 
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give  the  same  result.  It  is  proper  to  observe  that  in  stating  the 
effect  of  the  collision  of  the  balls  in  these  experiments,  they  are 
supposed  to  be  perfectly  elastic  bodies ;  such  hoiK^ever  do  not  exist 
among  the  substances  with  which  we  are  acquainted ;  the  pheno- 
mena exhibited  by  ivory  balls  would  therefore  be  nearly,  but  not 
exactly,  such  as  are  stated. 

30.  The  effect  of  elasticity  in  modifying  the  propagation  of 
motion  is  curiously  displayed  in  those  exhibitions  of  human 
strength,  which  hare  occasionally  taken  place,  and  of  which 
remarkable  instances  are  related  by  some  authors.  Vo^iscus,  the 
Roman  historian,  mentions  a  circumstance  of  this  kind,  m  his  Life 
of  Firmus,  who,  in  the  reign  of  Aurelian  endeavoured  to  make 
himself  emperor  in  Egypt,  and  who  has  therefore  been  reckoned 
one  of  the  Thirty  Tyrants.  He  was  a  native  of  Selenck,  in  Syria, 
who  espoused  the  cause  of  the  £aunons  Zenobia,  Queen  of  Palmjrm; 
and  having  been  taken  prisoner,  he  was  executed  by  order  of  the 
emperor  Aurelian.  The  historian  says  of  Firmus,  that  he  was 
able  to  bear  an  anvil  on  his  breast,  while  others  were  hammeriner 
on  it :  he  lying  along,  with  his  body  in  a  curved  position.  And 
Beckmann,  in  his  History  of  Inventions,  notices  the  extraordinary 
feats  of  J  dm  Charles  von  Eckeberg,  a  German,  who  travellea 
over  Europe  about  the  beginning  of  &e  last  century.  After  men- 
tioning other  feats,  he  adds,  <<  But  what  excited  the  greatest  aston- 
ishment was,  that  he  suffered  large  stones  to  be  broken  on  his 
breast  with  a  hammer,  or  a  smith  to  forge  iron  on  an  anvil 
placed  upon  it.*''*  A  part  of  the  mysterious  effect  produced  in 
these  cases  is  to  be  accounted  for  by  the  position  of  the  exhibitor, 
which  may  be  thus  described.  He  must  place  himself  with  his 
shoulders  resting  on  one  chair,  and  his  feet  upon  another,  both 
chairs  being  fixed  so  as  to  yield  firm  support;  and  thus  his  backbone, 
thighs,  and  legrg  would  form  an  arch,  of  which  the  chairs  would  be 
the  abutments.  The  anvil  also  must  be  so  large  as  by  its  inertia 
and  elasticity,  nearly  to  counterbalance  the  force  of  the  hammer ; 
land  thus  the  strokes  would  be  scarcely  or  not  at  all  felt;  besides 
which  the  elasticity  of  the  man's  body,  as  well  as  his  positioui 
would  contribute  to  his  security  against  the  effect  of  the  blows. 

Velocity  of  Moving  Bodies. 

21.  Communication  of  motion,  however  rapid,  must  take  up 
some  portion  of  time ;  for  as  there  can  be  no  such  thing  as  instan- 
taneous motion,  much  less  can  motion  be  propagated  instantane- 
ously from  one  body  to  another.    Hence  motions  perfotmed  with 

What  property  of  matter  is  assumed  in  stating  these  experiments, 
and  how  is  it  to  be  applied  ? 

What  remarkable  example  of  the  effbot  of  elasticity  does  the  human 
body  afford  ? 

What  explanation  can  be  given  df  the  exploits  of  Firmut  and  Eoke- 
berg? 

♦  ffiat  of  Invent,  Eng.  Trans;  179^.  Vo\.  u\.  v^^- 
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great  velocity  sometimes  produce  peculiar  effe<^t8,  as  may  be 
shown  by  the  following  experiments. 

KXPRIMCNT  I. 

23.  A  long  hollow  stalk  or  reed,  suspended  horizontally  by  two 
loops  of  single  hairs,  may,  by  a  sharp  quick  stroke  at  a  point 
nearly  in  the  centre,  between  the  hairs,  be  cut  through,  without 
bi'eakiiiff^eitherof  diem.  The  hairs  in  ^is  case  would  have  been 
ruptured,  if  they  had  partaken  of  the  force  applied  to  the  stalk; 
but  the  division  of  the  latter  being  effected  before  the  impulse 
could  be  propagated  to  the  hairs,  i&j  must  consequently  remain 
unbroken. 

EXPEEIMENT  II. 

33.  A  smart  blow,  with  a  slight  wand,  or  hollow  reed,  on  the 
edge  of  a  beer-glass,  would  breaS:  the  wand,  without  injuring  the 
glass. 

BZPERIMENT  UI. 

34.  A  shilling,  or  any  small  piece  of  money,  bemg  laid  upon  a 
card  placed  over  the  mouth  of  a  tumbler  glass,  and  resting  upon  the 
rim  of  die  glass,  the  card  may  be  withdrawn  with  such  speed  and 
dexterity  that  the  piece  of  money  will  not  be  removed  laterally, 
but  will  drop  into  the  glass* 

EXPERIMENT  IV. 

25.  A  bullet  discharged  from  a  pistol,  striking  the  panel  of  a 
door  half  open,  will  pass  through  the  board,  without  moving  the 
door;  for  the  velocity  of  the  bullet  will  be  so  great  that  the  aper- 
ture is  completed  in  a  space  of  tiih^  too  limited  to  admit  of  the 
momentum  of  the  moving  body  being  communicated  to  the  sub- 
stance a^nst  which  it  is  imj^elled. 

26.  It  is  an  effect  of  the  principle  Just  illustrated,  that  the  iron 
head  of  a  hammer  may  be  driven  down  on  its  wooden  handle, 
by  striking  the  opposite  end  of  the  handle  against  any  hard  sub- 
stance wiui  force  and  speed.  In  this  very  simple  operation,  more 
easily  conceived  than'^escribed,  the  motion  is  propagated  so  sud- 
denly through  the  wood  that  it  is  over  before  it  can  reach  the  iron 
head,  which  therefore,  by  its  own  weight,  sinks  lower  on  the  han- 
dle at  every  blow,  which  drives  the  latter  up. 

27.  The  velocity  of  motion  is  measured  by  time  and  space 
taken  conjointly  or  relativel]^.  Thus,  a  body  moving  through  a 
given  space,  in  a  certain  time,  and  supposed  to  pass  through 
every  part  of  that  space  at  a  uniform  rate,  is  said  to  move  with  a 
velocity  denoted  by  the  ratio  of  the  time  to  the  space ;  and  there* 

State  the  four  experiments  wlueh  exemplify  the  pectdiar  effects  of 
nipidlj  eommunieated  motions. 

How  do  Tou  explain  the  operation  of  driving  a  handle  into  the  eye  ot 
a  hammer  r 

How  is  veloeitj  of  motion  measured  ? 
How  Mre  the  relative  veloeitiet  of  different  Vo^ei  «i^miL\]^\ 
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fore  a  uniformly  moying  body  will  describe  equal  spaces  in  equal 
times,  and  different  bodies  relative  spaces  in  relative  times. 
Hence  a  horse  that  will  trot  eight  miles  in  an  hour,  would  trot 
sixteen  miles  in  two  hours,  and  twenty-four  miles  in  three  hours, 
if  he  could  traverse  the  distance  with  unabated  speed.  If  in  this 
case  the  three  distances  mentioned  be  considered  as  three  distinct 
journeys,  it  will  readily  be  perceived  that  the  horse  must  have 
passed  through  the  same  distance,  in  each  of  the  two  hours  of  the 
second  journey,  and  each  of  the  three  hours  of  the  third  journey, 
as  in  the  single  hour  of  the  first;  and  this  is  what  is  meant  by  the 
statement  that  equal  spaces  are  passed  over  in  equal  times ;  so  that 
when  the  distance  traveUed  is  doubled  or  tripled,  the  time  will 
be  doubled  or  tripled  also ;  and  if  the  distance  is  reduced  to  one- 
half  or  one-fourth,  the  time  will  be  reduced  in  the  same  propor- 
tion. The  relative  velocities  of  different  bodies  must  be  esnmated 
in  a  similar  manner.  A  man  walking  three  miles  in  an  hour  would 
require  double  the  time  to  perform  a  journey  of  eighteen  miles, 
that  would  be  taken  up  by  another  man  running  six  miles  an 
hour;  and  ahorse  galloping  twelve  miles  an  hour  would  complete 
the  journey  in  one-fourth  of  the  time  of  the  first  man,  and  one- 
hadf  the  time  of  the  second  man.  The  minute-hand  of  a  com- 
mon clock  or  watch  has  twelve  times  the  velocity  of  the  hour-hand, 
since  tiie  former  passes  through  a  whole  circle,  while  the  latter 
is  passing  through  the  twelfth  part  of  it. 

27.  The  velocity  of  a  uniformly  movin?  body  may  be  disco- 
vered by  dividing  the  space  passed  through  by  ttie  time  consum- 
ed :  thus,  the  velocity  of  a  steam-boat,  govns  eighteen  miles  in 
two  hours,  will  be  found  to  be  nine  miles  anliour.  The  velocity 
being  known,  the  distance  passed  over  in  a  given  time  may  bo 
discovered,  by  the  contrary  operation  of  multiplying  the  velocity  by 
the  time :  thus,  the  steam-boat,  with  a  velocity  of  nine  miles  an 
hour,  will  of  course  run  twice  nine  miles  in  two  hours,  and  forty- 
eight  times  nine  miles  in  forty-eight  hours. 

Different  Kinds  of  MoHon, 

28.  Motion  may  be  uniform  or  variable  with  respect  to  its  rate 
or  relative  velocity.  The  nature  of  uniform  motion  has  been  just 
pointed  out:  and  that  of  variable  motion  will  be  subsequently 
investigated.  But  motion  may  be  different  in  one  case  from  what 
it  is  in  others,  when  considered  with  regard  to  the  manner  in 
which  a  body  moves :  as  whether  in  a  straight  line,  in  a  circle, 
or  in  any  other  curve.  The  line  described  by  a  body,  in  passing 
from  one  point  to  another,  is  called  its  direction,  or  line  of  motion. 
The  direction  of  a  moving  body  may  be  either  a  right  line,  across 
a  level  surface,  or  plane ;  a  curved  line,  passing  over  a  similar 
plane;  or  a  curved  line,  the  different  parts  of  which  are  not  on 
one  plane. 

What  is  the  method  of  discovering  the  velocity  oC  a  umformV)  iiiV(vo!|^ 
bo|^  /  of  eompating  Hb  diaUnee  passed  over  ? 
Wbst  diBtinetiong  of  motion  ire  founded  on  its  direction? 
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29.  Curyilinear  motion  is  of  a  more  complicated  nataie  thai 
motion  in  a  straight  line,  the  circumstances  relating  to  it  therefore^ 
cannot  be  properly  explained  without  a  previous  investigation  of^ 
rectilinear  motion. 

Sir  Isaac  Newton,  in  his  great  work  entitled  **  Principia  Phi« 
losophiae  Naturalis,"  "  Principles  of  Natural  Philosophy,"  has 
laid  down  three  general  positions,  styled  Law9  of  Motion^  which 
have  been  considered  as  the  foundation  of  mechanical  science. 
These  laws  are  the  following : 

I. 
''Every  body  must  continue  in  its  state  of  rest,  or  of  uniform 
motion  in  a  straight  line,  unless  it  is  compelled  to  alter  its  state 
of  rest  or  motion,  by  some  force  or  forces  mipressed  upon  it." 

II. 
''  Every  change  of  motion  must  be  proportioned  to  the  impress- 
ed force  or  forces,  and  must  be  in  the  direction  of  that  force." 

III. 
''Action  and  reaction  are  always  equal  and  contrary  to  each  other." 

30.  Both  the  first  and  the  last  of  these  laws  or  positions,  relat- 
ing to  moving  bodies,  have  been  already  discussed,  and  their  conse- 
quences pointed  out :  they  may  therefore  be  admitted  as  propo- 
sitions not  requiring  further  demonstration. 

The  second  law  of  motion  is  of  the  highest  importance,  as  it  re- 
lates to  compound  motion,  and  the  direction  of  a  body  acted  on  by 
two  forces  in  different  but  not  contrary  directions.  The  effect  of 
forces  thus  applied  will  be  most  readily  understood  after  a  short 
explanation  of  the  nature  of  reflected  motion,  which  affords  a 
familiar  example  of  action  and  reaction,  the  subject  Of  the  third  of 
the  preceding  laws. 

31.  If  a  cricketpball,  or  any  similarly  iliaped  elastic  body,  be 
dropped  perpendicularly  on  a  smooth  pavement,  it  will  rebound  to 
a  certadn  pomt  in  the  same  straight  line  in  which  it  descended ; 
but  if  it  be  impelled  obliquely  against  the  pavement,  it  \dll  not 
rise  in  a  perpendicular  line,  but  in  a  line  having  the  same  degree 
of  obliquity  as  that  in  which  it  struck  the  pavement 

^  Thus,  if  the  ball  were  dropped  firom  a,  to  the 

c-  j  ^  pavement  at  5,  its  upward  course  would  be  in 

\         I         /     the  same  line,  b  a,-  but  if  it  be  thrown  in  the 

\       I      /       line  c  bj  it  will  rebound  in  the  line  bd.    In  this 

\         /         case  the  angle  formed  by  the  line  c  bj  with  the 

\  I  /  line  ab,i8  called  the  "  ansle  of  incidence,"  and 

^^^^^^^^    that  formed  by  the  line  abj  with  the  line  a  d, 

HHHIBil     "  the  angle  of  reflection ;"  and  it  is  to  be  observ- 

V  ed  that  these  angles  will  always  be  precisely 

equal.    For  it  signifies  not  whether  the  obliquity  of  the  line  of 

incidence  be  great  or  small,  since  the  line  of  reflection  will  in  every 

What  three  lavt  9/  motion  were  laid  down  by  Newton  ?  Which  of 
these  is  of  the  greatest  importance,  and  why  ? 

How  is  the  principle  of  compound  and  reflected  motion  illustrated  in 
the  motions  0/  cricket  and  billiard  balU  I 


satriLiBitivx. 


S» 


(l> 


d 


case  have  the  same  obliquity,  and  consequently  form  a  similar  an- 
gle witli  the  surface  from  which  the  body  rebounds. 

4  33.  Suppose  Uie  parallelogfram  in  the 

margin  to  represent  a  billiard-table,  if  a 
ball  standing  on  it  be  impelled  in  the  di* 
"^  rection  a  6,  it  will  strike  against  the  end 
5  cushion  and  return  in  the  line  b  e,  and 
either  of  those  lines  would  form  a  similar 
and  very  acute  angle  with  a  line. drawn 
between  Uiem  parallel  to  the  sides  of  the  table ;  but  if  the  ball 
were  driven  from  a  against  the  side  cushion  at  d,  it  would  return 
in  the  corresponding  line  de.  ^ 

33.  Equal  weights,  or  equal  forces  of  any  kind,  acting  on  a 
body,  in  a  similar  manner,  but  in  opposite  directions,  will  keep  it 
in  a  state  of  rest  or  equilibrium,  liKe  the  scales  of  a  common 
balance,  each  loaded  with  a  weight  of  one  pound.  But  when  the 
arms  of  a  balance  are  of  unequal  lengths,  as  in  the  steelyard,  a 
small  weight  fixed  at  the  ena  of  the  longest  arm  will  counter- 
poise a  much  greater  weight  at  the  end  of  the  short  arm. 

^  34.   Let  a  represent   a 

*  ^'*^  «f        9      globe  of  lead  resting  on  a 

lerel  surface,  and^navin^ 
an  iron  rod  passing  exactly 
through  its  centre,  the  ex- 
tremities of  whidi  e  and  / 
are  equidistant  from  tb^ 
ball;  if  threads  of  equal 
lengths  be  fixed  at  tiiose  points  with  hooks  at  the  lower  ends  for 
the  suspension  of  weights,  the  globe  and  rod  will  be  kept  in  equi- 
librium so  long  as  the  weights  b  and  e  are  equal ;  but  if  a  longer 
rod  be  passed  through  the  ball  projecting  further  from  it  towards 
?  than  towards  e,  a  smaller  weight  d  will  then  counterbalance  the 
weight  bj  and  the  relative  number  of  ounces  or  pounds  contained 
in  these  weights  will  always  bear  certain  proportions  to  the  num- 
ber of  inches  or  feet  in  the  respective  parts  or  the  rod  «/,  and  eg. 
Here  the  equilibrium  is  maintained  by  equal  forces  acting  m 
9pposite  directions;  and  the  illustration  of  this  simple  principle  is 
deserving  of  attention,  as  it  leads  to  the  consideration  of  the  case 
}f  equilibrium  maintdned  by  the  application  of  three  forces. 

35.  In  the  annexed  figure  iho  weight  g 
being  attached  to  the  centre  of  a  cord  passing 
over  two  small  wheels,  and  the  weights  o 
and  e  to  either  end  of  the  co^d,  the  eqmlibri* 

f^  ^  um  will  be  maintained  only  while  the  central 

I  e    ^^^S^^  counterbalances  those  at  the  ends, 

a  in  order  to  which,  exclusive  of  the  effect  of 

How  may  the  equilibrium  of  a  body  be  preserved,  and  how  is  this 
Kibject  exemplified  ? 

How  may  an  equilibrium  be  maintained  by  the  application  of  three 
brces  to  a  flexible  eord  ? 

c  2 
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friction,  the  weight  a  must  be  leas  than  the  som  of  the  two  Mt^ 
weights  b  and  e  taken  together.  For  if  the  weight  a  be  eqiul  to 
the  sum  of  b  and  c^  there  can  be  an  equilibrium  only  when  the 
two  ends  of  the  cord  which  sustain  it  become  perfectlyjpanllel 
to  each  other  and  to  the  parts  which  support  b  and  e»  This  case 
is  familiarly  illustrated  by  the  manner  onen  adopted  of  suspend* 
ing  lamps  firom  ceilings  by  means  of  a  weight,  to  which  the  two 
ends  of  a  chain  or  cord  are  attached,  which  having  passed  over 
two  pullies  at  the  ceiling  very  near  each  other,  cornea  down 
through  a  hole  in  the  centre  of  the  weiffht,  and  receives  the  lamp 
at  the  middle  part  of  the  chain.  By  mis  means  free  motion  is 
allowed  to  the  lamp  to  ascend  and  descend  through  a  convenient 
distance,  and  the  equilibrium  is  maintained  in  au  poaitions.  If 
the  weight  a  be  greater  than  the  sum  of  b  and  e  the  cord  will  ob* 
viously  sink  in  the  centre,  and  the  weight  b  and  e  be  drawn  up  to 
the  wheels ;  and  weight  added  on  either  side  will  drag  down  the 
cord  on  the  side  of  the  additional  load  and  raise  Uie  central  and 
opposite  side-weight. 

^  36.  Suppose  a  cord,  as  in  the  mamnal 

figure,  stretched  over  the  wheels  E  F,  at- 
tached to  an  upright  board,  and  having  fixed 
to  its  extremities  the  weights  B  C.  From 
any  part  of  the  cord,  between  the  wheels,  as 
at  H,  let  a  weight  A  be  suspended,  it  will 
then  draw  down  the  cord  so  as  to  form  an 
angle,  E  H  F,  and  the  weights  will  remain 
in  equilibrium.  It  is  obvious  that  in  this 
case  the  weight  A,  acting  in  the  direction 
H  A,  will  counterbalance  the  weights  B  and  C,  acting  in  the 
direction  H  E  and  H  F,  and  their  joint  forces  must  be  equivalent 
to  a  force  equal  to  A,  acting  in  the  direction  H  G.  To  ascertain 
the  relative  effect  of  the  weights  thus  operating,  it  will  be  neces- 
sary to  complete  the  figure,  by  drawing  on  the  board  the  dotted  line 
H  G,  in  the  direction  of  the  cord  A  H ;  and  lines  under  the  cords  H  E 
and  H  F.  Then  on  the  line  H  G  mark  the  point  a,  and  H  a  must 
be  supposed  to  represent  as  many  inches  as  the  number  of  ounces 
contained  in  the  weight  A.  From  a  draw  the  dotted  line  a  b, 
parallel  to  H  F,  and  the  dotted  line  a  c,  parallel  to  H  E ;  then  if 
the  diagram  were  in  the  proportion  just  described,  the  line  H  b 
would  contain  as  many  inches  as  there  were  ounces  in  the  weight 
B ;  and  the  line  H  c  as  many  inches  as  the  number  of  ounces  in  the 
weight  C.  A  moment's  reflection  will  show  that  th©  relative 
weights  and  lengths  might  consist  of  any  denominations  of  weight 
and  longitudinal  measure ;  so  that  feet  and  pounds,  or  any  ^eater 
or  smaller  denominations  might  have  been  substituted  for  inches 
and  ounces ;  only  in  every  case  the  same  denomination  of  longi- 

What  familiar  illustration  can  be  givea  of  an  equilibrium  of  this 
aortr 
Describe  the  apparatus  for  exemplifying  the  parallelogram  of  foreei. 
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tadinal  measoxe  most  be  applied  to  all  the  linest  and  the  same 
denomination  of  weight  to  all  the  gravitating  forces.* 

87.  The  case  Just  considered  affords  an  experimental  illustratioD 
of  what  is  called  the  parallelogram' of  forces,  a  principle  of  the 
utmost  importance  in  mechanics,  since  it  enables  us  to  esdmate 
the  joint  operation  of  moving  powers,  as  well  as  their  relative 
effect  or  influence. 

In  the  preceding  diagram,  the  parallelogram  of  forces  is  repre« 
sented  by  the  lines  ab,b  JJ^JIcy  and  c  a,  and  the  line  II  a,  joining 
the  opposite  angles,  which  is  csdled  the  diagonal.  The  sides  of 
the  parallelogram,  a  6,  and  a  c,  will  represent  me  quantity  and  direo- 
tion  of  the  two  forces  acting  together,  and  the  diagonal  //  a  will 
denote  the  equivalent  or  counterbalancing  force.  This  last  force  is 
styled  the  resultant,  and  the  two  forces  opposed  to  it  are  its  com- 
ponents. 

38.  In  the  preceding  examples,  the  object  has  been  to  show  the 
effect  of  opposing  forces  in  producing  etjuilibrium ;  but  precisely 
the  same  method  may  be  taken  to  explain  the  operation  of  forces 
applied  in  different  directions,  when  their  effect  is  to  produce  mo- 
tion, instead  of  restraining  it. 

If  a  Dody  A  be  impelled  at  the  same  time 
by  two  forces,  which  would  separately  cause  it 
to  describe  the  lines  A  B  and  A  C  of  the  paral- 
lelogram A  B  D  C,  the  body  will,  by  their  joint 
aiction,  describe  in  the  same  time  the  diagonal 
A  D.  For  if  the  body  had  been  previously 
moving  with  the  velocity,  and  in  the  direction  A  B,  ana  had  been 
acted  on  at  A  by  the  force  A  C,  it  would  have  described  A  D  in 
the  same  time.  So  that,  whether  the  forces  begin  to  act  simulta- 
neously or  successively,  their  effects  may  be  calculated  on  simi- 
lar principles.  ^ 

A__ ^  39.  When  the  angle  at  which 

the  different  forces  meet  is  very 
acute,they  act  with  greater  power  on 
the  moving  body ;  thus,  as  the  angle 
CAB,  made  by  the  directions  of  the  composing  forces,  decreases, 
the  effect  arising  from  their  joint  impression  will  be  increased ; 

MThenee  does  this  principle  derive  its  importance  in  mechanics  ? 

How  is  the  parallelogram  of  forces  applied  to  explain  the  laws  of  mo- 
tion ? 

Under  what  circumstances  will  the  effects  of  two  forces  co-operate  in 
producinir  motion  in  the  same  direction  f  How  may  they  destroy  each 
other's  effects  ? 


*  On  this  subject,  see  a  description,  in  the  Journal  of  the  Franklin 
Institute,  vol.  3.  p.  354,  of  the  tricardo,  showing  under  what  circum- 
stances three  forces  ipay  {produce  a  stable,  and  in  what  cases  an  unstable, 
equilibrium. — ^Ed. 
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and  hence  the  diagonal  A  D,  which  expresses  that  eflect,  will 
likewise  be  increased.  Therefore,  when  the  angle  GAB  yan- 
ishes,  or  in  other  words,  when  the  sides  A  C  aim  A  B  coincide 
with  the  diagonal,  the  Joint  forces  wiU  have  their  full  effect;  but 
this  would  no  longer  be  a  case  of  the  composition  of  forces,  but 
of  the  junction  or  union  of  two  forces. 

C  40.  When  the  angle  BAG,  made  by 
the  directions  of  the  two  forces,  is  rery 
obtuse,  their  effect  is  .diminished,  and 
the  diagonal,  representing  the  resultaiit 
of  the  forces,  is  consec|uently  contracted. 
It  will  be  obvious,  therefore,  that  when  the  sides  A  B  and  A  C 
meet  without  forming  any  angle,  the  forces  will  act  in  opposite 
directions ;  and  provided  they  were  equal  forces  they  would  de* 
stroy  each  other,  no  motion  teking  place ;  but  if  one  force  be  su- 
perior to  the  other,  the  body  will  move  on,  not  in  a  diagonal  line, 
but  in  the  direction  of  the  greater  force. 

41.  The  combined  effect  of  three  or  more  forces  acting  on  a 
body  in  different  directions,  may  be  discovered  by  means  of 
the  parallelogram  of  forces;  and  a  single  force  may  be  thus  as- 
signed which  will  be  the  resultant  of  those  forces.  This  may  be 
done  by  obtaining  first  the  diagonal  representing  the  resultant  of 
the  combination  of  two  forces,  and  considering  that  dia^nal 
as  the  side  of  a  parallelofirram,  of  which  a  line  representmg  a 
third  force  will  form  one  of  the  other  sides,  and  th^  {Murallelogram 
being  completed,  the  diagonal  will  be  the  resultant  of  the  first 
three  forces ;  and  the  operation  may  be  extended  in  the  same  man- 
ner, so  as  to  discover  the  ultimate  resultant  of  any  given  number 
offerees. 

Let  the  point  A  be  impelled  hj 
forces  in  the  directions  A  B,  A  0, 
A  D,  and  A  E ;  then,  to  find  out  the 
resultant  of  these  combined  forces, 
complete  the  parallelogram  G  A  B  F, 
and  the  diagonal  A  F  will  exhibit  the 
result  of  the  forces,  A  B  and  A  C, 
Gomplete  the  parallelogram  D  A  F  6, 
"^d^tr  diagonal  A  G  will  denote  the 
JBI^^  result  of  the  three  forces  A  B,  A  C, 

and  A  D.  In  the  same  manner,  complete  the  parallelogram  E  A 
G  H,  and  the  diagonal  A  H  will  represent  the  force  compounded 
of  all  the  four  forces,  A  B,  A  G,  A  D,  and  A  E.  But  the  con- 
struction may  be  simplified  by  merely  drawing  the  lines  B  F, 
equal  and  parallel  to  A  G ;  F  G,  corresponding  with  A  D ;  and 
G  H,  bearinff  the  same  relation  to  A  E ;  then,  the  line  joining  A 
and  H,  which  as  before  will  express  the  resulting  force. 

How  may  the  combined  effect  of  several  forees  be  determined  ?  Con- 
struct  and  explain  the  diagram  relating  to  this  subject 
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42.  It  may  be  demonstrat- 
ed by  means  of  the  parallelo* 
gram  of  forces,  tnat  from 
mree  forces  actioflr  in  the 
directions  A  B,  A  C,  and  A 

£}  in  the  proportions  of  the 
Dgth,  br^Ui  and  depth  of 
a  parallelepiped,*  will  result 
I  motion  in  the  diagonal  A  F  of  that  parallelopiped;  for  A  B  and 
A  C  compose  A  E,  and  A  E  and  A  D  compose  A  F;  which  last 
is  the  resultant  of  the  moving  foices  in  the  directions  of  the  three 
sides  of  the  parallelopiped. 

43.  The  effect  of  the  composition  of  forces,  when  a  body  im- 
pelled in  different  directions  takes  its  course  in  a  diagonal  line 
bet^^n  the  two  impelling  foroes,  may  be  thus  experimentally 
exemplified : 

On  a  billiard-table,  A  B  G  D, 
place  a  ball  at  6,  equally  distant 
from  the  side  B  C,  and  the  end 
C  D,  then  let  two  spring  guns, 
capable  of  communicating  equal 
impulses,  be  placed  so  that  when 
the  ball  is  impelled  by  £,  it  will 
move  along  the  side  A  D,  and 
that  when  the  ball  is  impelled  by 
F  only,  it  will  more  in  Uie  line 
G  H :  then  if  the  ball  be  struck 
hj  both  the  ffons  at  the  same  instant,  it  will  be  found  to  move  in 
the  diagonal  line  G  C,  in  the  same  time  in  which  it  would  have 
moyed  from  G  to  D,  impelled  by  the  gun  £  alone ;  or  from  Q  to 
H,  if  acted  on  only  by  the  gun  F.  From  the  observations  which 
have  been  already  made  on  the  relations  between  the  extent  of  the 
lines  described  by  moYinjg  bodies,  and  the  amount  of  the  forces 
by  which  they  axe  impel&d,  it  will  be  apparent  that  this  experi- 
ment may  be  so  modined  as  to  show  what  would  be  the  direction 
of  the  ball,  when  the  impelling  forces,  or  the  angles  at  which  they 
acted,  were  variously  adjustea. 

44.  The  operation  of  the  principle  called  the  composition  of 
forces  may  be  perceived  in  numerous  cases  of  frequent  occurrence. 
Indeed  diere  are  no  motions  with  which  we  are  acauainted  that 
can  be  considered,  strictly  speaking,  as  instances  oi  simple  mo- 
tion; for  the  efects  of  gravitation  and  the  diurnal  motion  of  Uie 
earth  are  alone  sufficient  to  occasion  some  degree  of  complexity 

What  will  be  the  direction  and  amount  of  a  motion  produced  by  three 
foreA  proportionate  to  the  leng^th,  breadth,  and  depth  of  a  parallelo- 
piped f 

Wba^  experimental  illni^tion  exem|>liile8  the  composition  of  forcea? 

How  extendve  is  the  application  of  this  principle  ? 


f  5ee  Intiroduotion,  5, 
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in  all  motions  taking  place  on  the  earth^s  sur&ce.    Simple  motioD 
therefore  is  only  relatiTe. 

45.  Suppose  two  persons  to  be  seated  on  the  opposite  sideji  of 
an  omnibus,  or  any  other  oblong  carriage,  and  to  pass  a  ball  for- 
wards and  backwards,  from  one  to  the  other,  in  a  leyel  line. 
Now,  if  the  carriage  were  four  feet  wide,  and  the  ball  were  passed 
across  that  space  in  precisely  the  same  time  that  the  caziiage 
would  be  goinff  four  feet  along  an  even  road,  the  real  motion  of 
the  ball  throng  the  air  would  be  in  a  zigzag  line. 

46.  A  stone  dropped  on  the  deck,  from  the  mast-head  of  a  ship 
under  sail,  would  oe  affected  by  tiie  motion  of  the  ressel,  as  well 
as  by  the  force  of  ^vitation,  and  would  therefore  fidl,  not  in  a 
perpendicular,  but  m  a  diagonal  line. 

Let  A  represent  the  mast,  C  the  stone,  D  the 
deck,  and  the  line  C  E  will  be  the  distance  that  the 
mast-head  will  have  moved,  while  the  stone  would 
have  fallen,  by  the  force  of  gravity  alone,  from  C  to 
the  point  under  it  on  the  deck;  the  mast  being  fixed 
is  carried  forward  by  the  ship,  and  therefore  the 
foot  of  the  mast  will  have  moved  equally  with  the 
head,  and  will  have  reached  the  point  vertically  be- 
neath E  when  the  stone  touches  the  deck;  the  stone 
will  also  be  found  at  the  foot  of  the  mast,  having 
taken  a  diagonal  direction,  in  consequence  of  its 
being  impelled  at  the  same  time  by  the  ship's  mo- 
tion and  by  its  own  weight.  For,  if  it  had  not  been  affected  by 
the  former  as  well  as  the  latter,  it  would  have  fallen  where  the 
foot  of  the  mast  was  when  it  began  to  fall,  and  not  at  the  actual 
foot  of  the  mast. 

47.  Any  one  who  has  witnessed  the  common  feats  of  equestrian 
exhibitors  at  a  circus,  or  elsewhere,  may  have  seen  a  man  leap 
from  the  back  of  a  horse  over  a  garter  or  handkerchief  stretched 
horizontally  across  the  track  in  which  the  horse  was  galloping, 
round  the  border  of  a  circular  area,  and  the  horse  passing  under 

the  garter,  the  man  comes  down  again 
on  the  saddle,  after  finishing  his  leap. 
To  do  tills,  it  is  only  necessary  for  the 
rider  to  spring  upnght  from  the  sad- 
dle, on  which  he  was  previously  stand- 
ing, and  suffer  himself  to  sink  by  his 
own  weight  on  the  saddle  again ;  for  as  his  body  would  partake 
of  the  motion  of  the  horse,  that  force  would  be  sufficient  to  canr 
him  forwards,  and  his  motion  in  rising,  by  an  impulse  which 
would  carry  him  from  A  to  B  if  the  horse  were  standing  still. 

What  is  the  real  motion  communicated  to  a  body  thrown  from  one 
side  of  a  carriage  to  another  when  in  motion  ? 

Illustrate  this  principle  in  the  falling  of  a  body  from  the  mait-liead 
of  a  vessel  under  way  } 

What  enables  an  equestrian  performer,  after  leaping  upward  from  a 
Aorse  in  motion,  to  alight  again  <m  the  mddle  \ 
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would  be  nearly  in  the  line  E«  while  he  would  descend  in  the 
corresponding  line  F,  through  the  joint  effect  of  the  force  derived 
from  the  horse,  and  his  own  weight,  the  latter  of  which  alone 
would  occasion  him  to  sink  in  the  direction  C  D,  or  6  H. 

48.  As  it  has  been  observed  that  all  motions  are  really  of  a 
compound  nature,  resulting  in  a  greater  or  less  degree  firom  com- 
bined forces,  it  may  sometimes  m  requisite  to  ascertain  the  sepa^ 
rate  effects  of  acting  forces ;  or  to  determine  what  portion  of  any 
given  force  acts  in  some  direction  different  from  that  in  which 
motion  takes  place.  The  operation  requisite  for  this  purpose  is 
called  the  resolution  of  forces,  the  object  not  being  as  before,  to 
discorer  the  resultant  from  the  combining  forces,  but  to  discover 
one  or  both  of  those  forces  from  the  resultant. 

K  a  compound  force,  acting  upon  a  body,  pro- 
duces motion  in  the  direction  A  B,  and  it  is  re- 
Quired  to  find  the  part  of  that  force  which  affects 
this  body  in  any  other  direction,  as  D  C;  by 
drawing  A  D  perpendicular  to  the  direction  D  C, 
3>  will  be  found  the  proportion  which  the  absolute 
force  bears  to  that  part,  which  actmg  alone  would  produce  mo- 
tion in  the  proposed  direction. 

49.  A  boat  may  be  moved  across  a  river  by  the  current  passing 
in  a  direction  parallel  to  its  banks.  To  effect  this  the  boat  must 
have  a  rope  fastened  to  it,  the  other  end  of  which  is  connected 
with  anotner  rope  extended  directly  across  the  stream,  a  noose  or 
ring  being  fixed  to  the  first  or  boat-rope,  through  which  the 
stretched  rope  is  passed  in  such  a  manner  that  the  ring  may  slide 
freely  in  either  direction.  Then  the  rudder  of  the  boat  being  pro- 
perly turned  to  receive  the  impulse  of  the  current,  it  will  pass 
across  the  river,  for  the  ropes  will  prevent  it  from  beinff  carried 
down  the  stream,  while  it  slides  with  ease  transversely  as  the 
ring  of  the  boat-rope  slides  from  one  extremity  to  the  other  of  the 
extended  rope.  Part  of  the  force  of  the  current  in  this  case  is 
destroyed,  and  the  remainder  is  made  to  produce  a  motion  in  a 
direction  different  from  that  in  which  the  water  is  flowing.  The 
velocity  of  the  current  and  that  of  the  boat  being  ascertained,  it 
would  be  easy  to  calculate  what  proportion  of  iae  moving  force 
acted  on  the  ooat. 

50.  When  the  impulse  of  air  or  water  is  employed  as  a  moving 
power,  either  can  seldom  act  directly  and  with  full  force,  some 
portion  being  lost,  and  the  effect  consequently  diminished.  A  ship 
sailing  with  a  side  wind  has  the  sails  set  obliquely  with  respect 

By  what  oi>eration  may  the  separate  effeett  of  acting  forces  be  ascer- 
tained? 

What  is  the  precise  object  to  be  discovered  in  this  case?  construct  and 
enlain  the  diagram. 

How  is  the  resolution  of  forces  applied  in  the  rope  ferry  ?  How  might 
we  calenlate  what  proportion  of  the  rooring  force  acted  on  the  boat  ? 

What  examples  are  afforded  in  which  the  impulse  of  air  and  of  water 
prodoees  a  resolution  of  forces  ?    What  becomes  of  the  ineffecXvi^  -^v^ 
of  tibe  force  in  these  insUnces  ? 
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to  the  course  pursued ;  so  the  vanes  of  a  windmill,  and  the  floai- 
boards  of  an  undershot  water-wheel  are  moved  in  general  by  a 
force  applied  in  a  slanting  direction.  Indeed  the  motion  of  a 
windmill  would  be  prevented,  by  setting  the  surface  of  the  Mils 
perpendicular  to  the  direction  of  the  wind.  In  these  and  manj 
other  cases,  only  part  of  a  moving  force  is  brought  into  action,  the 
other  part  being  aissipated  and  tost,  because  it  cannot  be  made  to 
act  in  the  required  direction. 

Crramtation, 

51.  Among  the  causes  of  motion,  or  moving  forces,  there  aie 
some,  the  effects  of  which  are  simple  and  uniform,  producing  move- 
ment in  a  single  direction  or  straight  line,  and  for  a  given  time, 
proportioned  to  the  degree  of  impulse.  Others  act  in  more  than 
one  direction,  but  with  combined  effect,  so  as  still  to  produce 
uniform  motion.  Nature,  however,  presents  to  our  notice  motions 
which  are  not  uniform,  the  velocity  of  the  moving  body  varying 
in  different  parts  of  its  course,  so  that  the  velocity  or  rate  of  motion 
may  gradually  increase  to  a  certain  point,  and  be  suddenly  termi- 
nated ;  or  first  increase,  and  then  decrease  till  it  ceases  altogether. 
Motion  with  a  perpetually  increasing  velocity  is  called  accelerated 
motion.  The  phenomena  of  simple  and  compound  rectilineal  mo- 
tions have  been  already  described ;  but  those  of  accelerated  motion, 
which  come  next  to  be  considered,  cannot  be  fully  understood 
without  a  previous  acquaintance  with  the  laws  of  gravitation,  with 
which  they  are  intimately  connected.  So  general  indeed  is  the 
effect  of  the  property  of  gravity  or  weight  on  all  bodies,  within  the 
reach  of  our  observation,  that  its  influence  is  perpetually  interfering 
with  our  operations  and  experiments ;  and  hence  references  have 
necessarily  been  made  to  it  in  the  preceding  pages,  as  in  explain- 
ing the  cause  of  the  decay  of  motion,  and  elsewhere ;  but  it  wiU  be 
requisite  here  to  take  a  more  extensive  view  of  the  nature  and 
effects  of  this  important  principle. 

52.  Gravitation  or  Gravity  has  been  noticed  in  the  IntroductioB, 
under  the  appellation  of  gravitative  attraction,  as  distingruished 
from  cohesive  attraction,  capillary  attraction,  magnetic  attractioq, 
and  other  forces  which  tend  to  bring  bodies  into  contact.  Most  of 
these  forces  or  kinds  of  attraction  are  perceived  only  under  par- 
ticular circumstances ;  as  cohesive  attraction,  which  seems  to  act 
on  solid  and  liquid  substances  alone,  and  not  on  gases;  and  capU- 
lary  attraction,  which  only  takes  place  between  certain  fluids  and 
solids.  But  the  attraction  of  gravitation  differs  from  other  attrac- 
tive forces  in  being  a  common  property  of  all  bodies,  since  every 
thing  to  which  we  can  attach  the  idea  of  materiality  is  affected 
more  or  less  by  gravitation. 

53.  It  is  by  no  means  inconsistent  with  this  statement  that  somef 

What  is  the  distinctive  character  of  variable  motion  ?  What  is  acce- 
lerated motion  ? 

How  is  gravitAtion  distinguished  from  olVv«r  «^^\««  <A  «XXx%s^\]ri\ 
l/ofy  *»rtfnqiye  jg  jtg  influence  over  matmK\  iV\\t\^  t 
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>odies,  possessinff  all  the  characteristics  of  solid  matter,  capable  of 
)eing  seen  and  felt,  yet  in  certain  circumstances,  instead  of  exhi- 
biting the  common  effect  of  gravity,  in  falling  towards  the  eaxth 
)T  pressing  on  it,  displa^r  the  contrary  phenomenon  of  ascending 
from  it.  Thus,  smoke  will  be  seen,  in  some  states  of  the  atmo- 
irphere,  rising  in  a  column  to  a  considerable  height.  Even  solid 
masses  of  no  small  bulk  and  weight  may  be  made  to  ascend  to  a 
afreat  height,  as  by  means  of  an  air-balloon.  But  all  these  and 
similar  phenomena  are  in  fact  so  many  instances  of  the  effect  of 
gTavitation ;  for  the  ascending  bodies  are  driven  upward  solely  by 
me  force  of  the  medium  through  which  they  pass ;  since  the  parti- 
cles of  smoke,  or  the  balloon  with  its  car  and  contents,  cannot 
advance  upward  in  the  most  minute  degree  without  displacing, 
or  thrusting  downward,  portions  of  the  atmosphere  equal  to  their 
own  bulk.  Hence  it  will  be  perceived  that  aerostatical  bodies 
do  not  ascend  because  they  possess  absolute  levity,  but  simply 
because,  bulk  for  bulk,  they  are  lighter  than  the  air.  A  cork  or  a 
fiece  of  deal,  for  the  same  reason,  will  float  on  water,  and  if 
pressed  down  in  it  will  rise  again  to  the  surface,  by  the  effect  of 
relative  levity. 

54.  All  substances,  then,  gravitate  towards  the  earth;  that  is, 
they  have  weight,  which  occasions  them  to  fall  to  the  earth  when 
dropped  from  a  heigfht  above  it ;  to  rest  upon  it  with  a  certain 
degree  of  pressure,  according  to  circumstances ;  or  if  rendered 
buoyant,  to  rise  in  the  atmosphere  surrounding  the  earth,  till  they 
reach  a  part  of  it  where  it  is  less  dense  than  near  the  sur&ce,  so 
that  a  portion  of  it,  precisely  equal  to  their  bulk,  would  exactly 
eonnterpoise  them,  and  there  of  course  they  could  neither  rise  nor 
fall,  without  an  alteration  of  their  own  weight  taking  place.  In 
the  case  of  an  air-balloon,  the  aeronauts  have  the  means  for  les- 
sening its  buoyancy  whenever  they  may  find  it  convenient,  by 
opening  a  valve,  and  letting  out  a  part  of  the  gas,  or  light  air, 
to  which  it  owes  its  ascending  force ;  thus  they  can,  at  any  time, 
render  the  weight  of  the  whole  apparatus  much  greater  than 
that  of  an  equal  bulk  of  atmospheric  air,  and  then  it  must  fall  to 
the  ground.  Smoke  only  remains  suspended  till  its  particles 
unite,  and  thus  becoming  heavier  than  the  air,  they  descend  in 
the  form  of  small  flakes  of  soot,  covering  with  a  dingy  coat  or 
incrustation  all  buildings,  after  a  time,  m  large  and  populous 
places. 

55.  Let  us  suppose  for  a  moment  that  while  a  mass  of  smoke 
ind  an  air-balloon  were  hovering  in  the  air  near  together,  and  at 

How  is  the  universal  prevalenee  of  gravitation  to  be  reooneiled  with 
he  appearance  of  light  substances  risine  from  the  sar&oe  of  the  earth  ? 
^Vliat  IS  Uie  true  explanation  of  these  phenomena  ? 

What  expedient  ehables  the  aeronaut  to  deseend  fVom  a  higher  to  a 
over  level  in  the  air  } 

In  what  manner  is  smoke  finally  deposited  from  the  air  ? 

What  woutd  be  the  effect  on  saddenly  rem6tlng[  the  a\T  trottt  \msc«i0^ 
I  roast  of  »toak9tu»4 Mn  aiMMillooa  hofierins ncKt  eauih- ^\mwV 
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precisely  the  same  height,  it  were  possible  to  withdraw  (am 
under  them  the  support  of  Uie  atmosphere,  it  wiU  be  immediately 

Eerceived  Uiat  they  must  fall ;  bat  probably  the  younff  reader  will 
e  surprised  to  learn,  that  they  would  not  only  fidl,  out  likennae 
that  thev  would  both  fell  through  the  same  space  in  the  same  time; 
so  that  if  their  common  height  had  been  five  hundred  feet,  the 
smoke  would  have  reached  the  surface  of  the  earth  at  the  same 
instant  with  the  balloon,  though  the  latter  mi^ht  in  weight  &r 
exceed  the  other  bod^.  It  must  not  be  imagined  that  Uie  dr- 
cumstance  just  stated  is  a  mere  philosophical  conjecture,  or  that  it 
cannot  be  confirmed  by  the  test  of  experiment;  for,  though  it  is 
impossible  to  annihilate  the  atmosphere,  or  effectually  remoye  it 
from  beneath  an  air-balloon,  or  any  other  body  suspended  in  it,  yet 
on  a  small  scale  appearances  precisely  similar  to  those  just  de- 
scribed may  be  easily  exhibitea. 

C  T  ^*  l^t  A  represent  a  tall  bell-glasa, 

■EiaMB  open  at  the  bottom,  and  having  the  top 

r\  Ji  il\  closed,  so  as  to  be  air-tiffht,  by  a  bra« 

N      V  cap  or  cover,  B,  through  which  passes  the 

wire  C,  fitting  close,  but  capable  of  being 
turned  without  admitting  the  air.  Hie 
lower  end  of  the  wire  must  be  made  to 
support  a  small  stage,  the  two  sides  of 
which,  D  D,  will  fall  and  separate,  whea 
the  wire  is  turned  in  a  transverse  direo- 
tion.  Then,  the  stage  being  fixed,  a  gold 
coin  and  a  feather,  £  and  F,  or  ai^ 
two  small  bodies  differing  greatly  in  their 
comparative  weight,  may  be  laid  on  the 
stage,  and  the  bell-glass,  or  as  it  is  called, 
receiver,  being  placed  on  the  plate,  6,  of  an  air-pump,  must  be 
ei^austed  of  the  air  it  contained.  This  being  done,  if  the  two 
bodies  E  and  F  are  made  to  fall  by  turning  the  wire,  it  will  inva- 
riably be  found  that  they  will  both  strike  the  plate  of  the  air- 
pump  beneath  them  at  the  same  point  of  time. 

57.  The  influence  of  gravitation  is  not  only  extended  to  all  bo- 
dies on  or  near  the  surface  of  the  earth,  but  likewise,  as  we  have 
the  utmost  reason  to  believe,  to  all  bodies  in  the  universe.  This  is 
not  the  proper  place  to  describe  the  nature  and  operation  of  those 
forces  which  regulate  the  orbits  of  the  moon,  the  planets,  and  the 
comets  belonging  to  the  solar  system ;  but  it  may  be  hero  observ- 
ed that  Sir  Isaac  Newton  discovered  gravity  to  be  the  cause  of  all 
the  motions  of  the  heavenly  bodies ;  and  that  the  laws  of  grravita- 
tion  displayed  in  the  monthly  revolution  of  the  Moon  round  the 
Earth,  the  annual  circuit  of  the  Earth  round  the  Sun,  and  me 

In  what  oiADnei*  ud  ve  prove,  experimentally,  that  light  and  heaij 
bodies  would  fall  with  equal  velocity  if  the  air  were  aaddeuly  annibi" 
lated  ? 

How  extcnaively  is  gravitation  applicable  to  the  worka  of  nature? 

What  diaeofcry  did  Sir  I«uw  Nevton  make  on  thia  aul^ieet  f 


ORAVITATIVE  ATTllACTtON  OF  MA88£0.  80 

corresponding  motions  of  the  other  planets  and  their  satellites  are 
iapable  of  the  strictest  mathematical  demonstration. 

58.  Gravitative  attraction  acts  upon  all  bodies,  with  forces  pro« 
»OTtioned  to  their  masses.  Thns  suppose  two  bodies  so  situated 
IS  to  be  wholly  exempt  from  the  influence  of  any  attraction  except 
hat  resulting  from  their  ^vitation  towards  each  other,  they  will 
hen  approach  with  velocities  corresponding  with  their  respective 
brces.  If  the  larger  of  the  two  bodies  be  double  the  size  of  the 
imaller,  the  former  will  act  with  twice  the  force  of  the  latter;  and 
;herefore  while  the  small  body  will  move  two  feet  in  consequence 
if  the  double  power  of  the  larger  one,  the  larger  will  move  but 
me  foot  drawn  by  the  single  power  of  the  smaller.  If  the  larger 
dody  be  four  times  the  size  of  the  other  it  will  exert  four  times 
as  much  attractive  force,  or  make  the  smaller  body  move  with 
four  times  as  great  velocity  as  it  would  if  the  masses  of  the  bo- 
dies were  equal. 

59.  Hence  it  may  be  regarded  as  a  general  law  of  gravitation, 
that  while  the  distance  between  two  bodies  remains  unaltered, 
they  will  attract  and  be  attracted  by  each  other,  in  proportion  to 
their  respective  masses ;  and  therefore  any  increase  or  decrease 
of  the  mass  must  occasion  a  corresponding  increase  or  decrease  of 
the  amount  of  attractive  force,  as  measureid  by  the  velocity. 

60.  Since  gravitative  attraction  is  a  common  property  of  all 
bodies,  it  may  naturally  be  inquired  why  all  bodies  not  fastened 
to  the  earth's  surface  do  not,  by  their  mutual  attraction,  come  in 
contact;  or  by  what  means  the  force  which  they  derive  from  gra- 
vitation is  prevented  from  appearing  in  their  relations  to  each 
other.  A  little  reflection  will  show  that  the  cause  of  this  seeming 
inactivity  of  bodies  at  rest  is  the  overpowering  influence  of  the 
earth's  attraction.  If  a  small  particle  of  matter  were  placed  at 
the  surface  of  a  solid  sphere  or  globe  of  gold,  one  foot  in  diame- 
ter, its  gravitation  to  the  earth  would  be  more  than  ten  millions 
of  times  greater  than  its  ffravitation  to  the  gold.  For  the  diame- 
ter of  the  earth  is  nearly  torty  millions  of  feet,  and  the  density  of 
gold  is  nearly  four  times  the  medium  density  of  the  earth ;  there- 
fore in  a  second,  the  particle  would  approach  the  gold  less  than 
the  ten  millioneth  part  of  sixteen  feet,  a  space  utterly  impercepti- 
ble.- It  is  also  owing  to  the  immense  difference  in  the  mass  of 
the  earth  and  that  of  any  one  body  on  its  surface,  that  l^e  attrac- 
tive influence  of  bodies  felling  -towards  the  earth  produces  an 
effect  in  drawing  the  earth  upwards  so  insignificant  as  to  be  infi- 
nitely beyond  the  reach  of  our  observation. 

61.  Though  we  cannot  institute  direct  investigations  of  the 

In  what  proportion  does  ^^vitation  affect  different  bodies  f 

What  would  be  the  relative  velocities  of  two  unequal  bodies  actuated 
aolely  h^  each  others  gravitative  attraction  ?  State  the  general  law  oii 
this  subject. 

Why  do  not  all  unconfined  bodies  rush  together  by  their  mutual  at« 
traetion  ? 

Why  do  not  falling  bodies  draw  up  the  earth  instead  ot  d«iAetkd\i^^X% 
itssomee? 
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companlive  eflect  of  gnTitalion,  bj  making  experimenta  on  i»- 
tachcd  masBes  whose  lUBgnitude  bears  anj  coniidertble  pnpo^ 
tion  to  that  of  the  earth,  Tet  it  may  be  ehowa  that  partially  iso- 
lated portions  of  the  earth  s  surface  exhibit  a  sensible  degree  of 
ffravitatire  a.itrai^don,  when  small  bodies  are  biouffht  near  them. 
A  iDountain  two  miles  in  height  and  of  an  hemisplieneal  igan, 
rising  in  a  level  country,  wonU  cause  a  plummet  anspended  be-    j 
aido  It  to  deviate  one  minute  of  a  degree  from  the  perpendionltl 
direction  which  giavilatioa  towards  the  earth  would  othsnriM     I 
produce.     Observations  of  this  nature  have  beoi  aetuallj  made     I 
on  more  tlisn  one  occasion.     The  French  Academicians,  Bonder,     j 
'•—;,  and  othere,  when  employed  in  iDeaaunnr  ■    | 
idian,  in  Peru,  towards  the  middle  of  the  iMt 
century,  having  placed  theii  observatorieH  an  the  aoith  and  walk     I 
sides  of  the  vast  mountain  of  Chinib(»aio,  found  that  the  plnm- 
mets  of  their  ijuadranta  were  deflected  towards  the  mountain.    The 
manner  in  which  these  philosopheia  aaeertained  Iha  amonnt  of 
the  deflection  of  their  plummets  may  be  thus  coneiaely  explBised. 
-  ^eir  object  being  io  dtfanalM' 

the  £Bnith  distance  of  •  star,  L  it 
WW  peoessary  to  Kffnlate  Ibe  pac- 
tion of  a  leleeeope  Dy  moana  of  a 
<luadrast|tlw  plummet  of  wldek,iD- 
BUad  of  hanirine  in  the  mlkal 
linns  A  F,  and  C  H,  on  the  opfwi 
site  Mdes  ef  the  meontain,  wen 
fouyd  to  ttiie  dw  poeitiona  A  B, 
fad  C  P,  And  diuB  the  atai  aMBad 
to  bavp  l|w  Hdith  diMancaa  e  1,  aad 
f  I,  ijwtead  of  E  J,  and  G  I,  wfaidl 
It  ought  to  have  had ;  hoBM  it  ia 
«b«io«a  tliat  the  plummet  wm 
diBwu  Mide,  hy  die  attnetive  fcaaa 
of  the  uiountain,  from  ita  pmpti 
direction  perpendicular  to  the  aHU** 
'  BUf&ce,  through  a  apace  capaUe  of 
being  estimated  by  the  differeaces  perceiv^  in  making  obaorva- 
Uons  on  the  star  I  from  the  oppoeke  sides  of  the  aUiacting  maM^ 
eg.  The  phenomena  thus  observed  by  the  French  philosophen 
having  given  rise  to  discuBsion  among  men  of  science  in  different 
countries,  it  was  thought  desirable  to  Hacertaln,  by  experimnnta  ' 
made  for  that  particular  purpose,  the  validity  of  the  cause  assigi^ 
ed.  King  George  111.  therefore  waa  induced  to  send  the  Astio- 
nomer  Koyal,    Dr.  Masltelyne,  to  Scotland,  in   1773,  to  make 


How  msj  a  eompurlton  he  msde  between  Ihe  whole  r 
and  an  ■lOliited  norlion  prnjeetiriK  above  Iih  ecneial  levc 

DKWpibe  and  illuitniie  ifie  experiroenU  whieh  have  b 
Hlii  aubjnt. 

Wlial  ■mount  of  •teviaiion  did  Pr.  Matkelrne  find  in 
Ihe  wdei  of  Schehallien  >  ' 


in  of  lbs  earth 
:n  iiiuitulcd  on 
it  plunmel  oa 
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similar  experiments  crti  the  north  and  south  sides  of  Schehallien, 
a  lofty  and^  solid  mountain  in  Perthshire,  well  adapted  for  the 
purpose.  The  deviation  towards  the  mountain  on  each  side,  was 
found,  after  the  most  accurate  observations,  to  exceed  seren  se- 
conds ;  thus  confirmingr  the  inferences  of  preceding  observers,  and 
provingthe  universal  operation  of  gravitative  attraction. 

63.  The  influence  of  general  gravitation  was  also  experiment- 
ally demonstrated  in  a  different  manner,  by  Mr.  Henry  Caven- 
dish, in  1788. 

Two  small  metallic  balls,  C  and 
D,  were  fixed  to  the  opposite  ends^ 
of  a  very  light  deal  rod,  which 
was  suspendM  horizontally,  at  its 
centre  £,  by  a  fine  wire.  This 
arm,  after  oscillating  some  time  horizontally  by  the  twisting  and 
untwisting  of  the  wire,  came  to  rest  in  a  certain  position.  Two 
great  spherical  masses,  or  globes  of  lead,  A  and  B,  were  then 
brought  into  such  a  position,  that  the  attraction  of  either  globe 
woula  turn  the  rod  C  D  on  its  centre  E,  in  the  same  direction. 
By  observing  the  extent  of  the  space  through  which  the  end  of 
the  rod  movM,  and  the  times  of  the  oscillations  when  the  globes 
were  withdrawn,  the  proportion  was  discovered  between  the 
effect  of  the  elasticity  of  the  wire,  and  the  gravitation  of  the  balls 
towards  the  leaden  globes;  and  a  medium  of  all  the  observations 
being  taken,  the  experimentalist  was  enabled  to  ascertain  not  only 
the  actual  influence  of  gravitation  on  terrestrial  bodies  in  general, 
bot  likewise  its  relative  influence  as  depending  on  the  density  of 
tiie  attracting  body. 

64.  As  gravitative  attraction  draws  bodies  towards  the  centre 
of  the  attracting  mass,  it»might  be  expected  that  bodies  under  the 
inflaence  of  gravitation  would  diverge  somewhat  from  a  line  per- 
pendicolar  to  an  horizontal  plane  beneath  them. 

This  indeed  is  precisely  what  takes  place; 
jsnd  if  we  imagine  a  pair  of  scales,  as  m  the 
marginal  figure,  to  be  formed  in  such  a  manner 
as  to  bear  a  certain  proportion  to  a  sphere  to- 
wards the  centre  of  which  each  scale  was  at- 
tracted, the  effect  would  be  obvious.  But  the 
magnitudes  of  any  bodies  which  we  can  make 
the  subjects  of  experiment  are  so  extremely  in- 
considerable when  compared  with  that  of  the 
earth,  as  to  render  the  deviation  from  the  per- 
pendicular, in  lines  which  are  actually  conver- 
gent, quite  imperceptible. 

65.  It  must  also  be  considered  that  though  the  grand  and  pre- 
ponderating force  of  gravitation  is  directed  towanls  the  centre 

Deteribe  the  method  adopted  by  CaTendish  to  dembY\itanL\e  iSea  VG^^nf- 
ance  of  grnyfitudon,  nnd  the  mean  density  of  the  eanYi? 

What  mre  the  direetiont  in  regard  to  a  horlsonta\  p\%i\e  ol  VnoXM^KkiM 
nesH^te  £vm  meb  other,  aod  obeying  the  foree  tA  srwntaSdoft^ 

D  2 
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Tand  all  bodies,  like  those  just  mentioned,  are  attracted  towardf 
tbe  earth's  centre^,  yet  every  particle  likewise  has  an  attract' 
ive  power,  therefore  the  gravitation  of  bodies  on  the  eaith's 
surface  is  the  effect  of  the  attraction  of  its  entire  mass.  Henee 
in  the  investigation  of  the  phenomena  of  fallings  bodies,  it  m^ 
be  assumed  that  all  the  particles  of  the  same  hwy  are  attracted 
in  parallel  directions,  perpendicularly  to  an  horiaontal  plane;  for 
the  spaces  through  which  bodies  fall,  while  under  onr  observa- 
tion, are  not  of  sufficient  extent  to  render  it  necessary  that  any 
allowance  should  be  made  for  the  effect  of  direct  attraction  to- 
wards the  centre. 

66.  The  slightest  observation  will  enable  any  one  to  ascertain 
that  the  force  of  a  fiedling  body  increases  in  proportion  to  the 
height  from  which  it  has  fallen.  Wlien  bodies  are  precipitated 
from  a  great  height,  they  will  strike  with  violence  against  a  re* 
sisting  surface,  or  penetrate  deeply  into  a  yielding  mass.  Aeio- 
lites  or  meteoric  stones,  which  are  heavy  bodies,  resembling  iron 
ore,  several  of  which  have  fallen  at  different  periods,  have  8<Hne- 
times  been  found  to  sink  deeply  into  the  earth ;  as  was  observed 
with  regard  to  a  meteoric  stone,  fifty-six  pounds  in  weight,  which 
fell  in  a  ploughed  field  in  Yorkshire,  England,  in  1795. 

67.  Expenments  serving  to  illustrate  the  effect  of  accelerated 
velocity  on  falling  bodies  may  be  made  by  observing  the  rebound 
of  an  elastic  body,  when  dropped  firom  different  heights.  A  mar- 
ble or  a  cricket^ball  successively  suffered  to  fall  on  a  pavement, 
from  the  respective  heights  of  a  foot,  a  yard,  and  double  or  treble 
that  height,  would  rise  higher  and  higher  at  each  trial,  according 
to  the  extent  of  the  space  through  which  it  had  i^len.  More  ex- 
act experiments  might  be  instituted  by  forming  three  or  four  balls 
of  soft  wax  or  moist  clay,  exactly  of  equal  weight,  as  one  ponnd 
each,  and  letting  them  drop  from  different  heights  on  some  smooth 
hard  surface;  when  it  would  be  perceived  that  each  ball  was 
indented  or  flattened,  on  the  side  on  which  it  had  fallen,  more  or 
less  deeply  in  proportion  to  the  extent  of  the  space  it  had  fsdlea 
through. 

68.  Having  thus  ascertained  that  the  velocity  of  a  fiadling  body, 
as  denoted  by  its  final  force,  is  increased  by  the  augmentation  of  the 
distance  passed  through,  it  becomes  an  interesting  speculation  to 
determine  what  are  the  relative  degrees  of  velocity  produced  by 
ffiven  distances  of  descent.  In  ouier  words,  it  is  desirable  to 
know  whether  a  body  falling  through  a  space  during  two  seconds, 
or  two  minutes,  would  fall  as  fast  affain  in  the  second  period  as 

t  did  in  the  first,  or  three  times  as  fast,  ten  times  as  fast,  or  in 

Whence  results  the  gravitation  of  bodies  on  the  earth's  sorfaee  ? 
How  does  the  force  of  falling  bodies  vary  with  the  heights  from  which 
ibey  fall  ? 
Exemplify  this  in  the  case  of  aerolites. 

Wliat  famiJittr  experiments  with  elasUe  and.  vrlth  soft  bodies  prove  tha 
to/Miioa  iieeireea  velooitj  aod  extent  oC  bW) 
What  rdfiioA  do^iW  vcloeity  of  a  fsJil&tKii Vk^i  w^smS^ 
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what  other  ratio  of  acceleration.  This  is  obviously  a  question  of  the 
relation  between  time  and  space,  for  velocity  is  the  measure  of 
that  relation.  Now  the  motion  produced  by  ffravitative  attraction 
is  m  continually  increasing  motion,  so  that  a  body  under  the  influ' 
ence  of  gravitation  will  not  fall  tiirough  exactly  the  same  space 
in  any  two  consecutive  periods  of  time,  however  inconsiderable. 
For  if  we  could  suppose  a  single  second  to  be  divided  into  a  thou- 
sand parts,  a  fiadlin?  body  would  pass  through  a  greater  space  in 
the  second  thousandth  part  of  the  second,  than  in  the  first  thou- 
sandth part,  and  so  on  in  like  manner  throushout  its  course.  How- 
ever, in  order  to  find  out  the  rate  or  ratio  of  the  increasing  velocity 
of  ftdlin?  bodies,  it  will  be  sufficient  to  know  what  is  the  distance 
passed  urough  by  a  descending  body  in  each  succeeding  second, 
minute,  hour,  or  any  other  equal  portion  of  the  time  of  its  whole 
descent. 

69.  When  we  consider  the  various  circumstances  which  inter- 
fere with  the  motion  of  falling  bodies,  some  arising  from  the  re- 
sistance of  the  medium  through  which  they  pass,  and  other  inci- 
dental sources  of  irre^rularity,  others  from  the  varying  force  of 
gravitation  itself,  at  different  distances  from  the  centre  of  attrac- 
tion, it  will  be  at  once  perceived  that  the  inquiry  before  us  is 
surrounded  with  difficulties.  It  is  no  wonder  then  that  very  con- 
fused and  erroneous  notions  concerning  this  subject  prevailed  till 
a  comparatively  recent  period. 

70.  Aristotle,  whose  opinions  were  long  regarded  as  indisputa^ 
hie,  states,  in  his  philosophical  writings,  that  if  one  body  has  ten 
times  the  density  of  another,  it  will  move  with  ten  times  the  ve- 
locity ;  and  that  both  bodies  being  let  fall  to^^ether,  the  first  will 
fall  through  ten  times  the  space  that  the  other  will  in  the  same  time ; 
besides  other  erroneous  doctrines,  which  were  generally  received 
tall  his  theory  was  overturned  by  the  discoveries  of  the  celebrated 
Italian  philosopher  Galileo,  towards  the  end  of  the  sixteenth  cen- 
tury. He  showed  that  bodies,  under  the  influence  of  ^vitation 
alone,  would  fall  through  spaces  as  the  squares  of  the  tunes  of  de- 
scent: that  is,  that  a  body,  which  would  fall  through  one  inch  in 
one  instant,  would  fall  through  four  inches  in  two  instants,  and  nine 
inches  in  three  instants ;  for  the  square  of  any  number  is  the  pro- 
duct of  that  number  multiplied  by  itself,  so  four  is  the  square  of 
two,  nine  the  square  of  three,  &c.  The  principle  thus  laid  down 
by  Galileo,  though  disputed  by  some  later  philosophers,*  has  not 

Will  ffraritftUon  slone  ever  produce  a  uniform  velocity  of  motion  ? 
cX(*mpUty  this  point. 

How  may  the  rate  of  increasing  Telocity  be  determined  ? 

What  preirented  th«  early  philosophers  from  obtaining  exact  notions 
of  this  subject  ? 

What  was  Aristotle^s  opinion  on  the  subject  of  falling  bodies  ? 

*  The  Matkoritjr  of  Galileo  was  qaeslioned,  and  A\1fer«nt  cf^Mivou^-wvM 
amiotaimed  h^  phUoaophen  ooneeming  the  vaUo  q€  ibft  aA«a\ftT^^»«^  ^ 


44  MXCHAKIC* 

only  been  triumphantly  established  as  a  positiye  law  of  nature, 
with  regard  to  tailing  bodies,  but,  as  already  mentioned,  it  has 
been  shown  by  Sir  Isaac  Newton  that  it  is  a  general  law  of  nap 
ture,  extending  to  the  motions  of  the  celestial  bodies  composing 
the  solar  system. 

71.  In  order  to  apply  this  principle  to  the  purpose  of  ascertain- 
ing the  precise  ratio  of  the  accelerating  velocity  of  falling  bodies, 
it  IS  necessary  to  fix  on  some  measure  of  time  as  the  unit  from 
which  calculations  must  commence,  and  to  determine  what  space 
a  body  will  fall  through  in  that  portion  of  time ;  and  these  data 
being  furnished,  the  application  may  be  readily  explained. 

72.  But  before  we  proceed  to  the  further  consideration  of  the 
velocity  of  falling  bodies,  as  the  effect  of  a  uniformly  accelerating 
force,  it  will  be  proper  to  observe  that  it  can  only  be  thus  strictly 
estimated  with  respect  to  bodies  fiadling  through  limited  spaces, 
as  short  distances  nom  the  surface  of  the  earth,  where  the  mten- 
sity  of  the  gravitating  force  may  be  regarded  as  continuing  the 
same  during  the  whole  period  of  descent.  For  not  only  does  the 
velocity  of  gravitating  bodies  in  descent  become  accelerated  as 
they  approach  the  centre  of  attraction,  but  the  intensity  of  the  ac- 
celerating force  is  also  continually  increasing.  And  on  the  con- 
trary, the  intensity  of  the  force  diminishes  as  the  distance  in- 
creases. Hence  the  velocity  of  a  body  felling  from  a  ^reat  heifffat, 
as  fiffy  miles  from  the  earth's  surface,  would  increase  m  a  snuuler 
ratio  at  the  beginning  of  its  descent,  and  in  a  much  greater  ratio 
towards  the  end  of  its  descent,  than  that  of  a  body  falling  throu^^ 
only  as  many  feet. 

73.  The  force  of  gravitation  is  to  be  estimated  by  the  same  rule 
that  has  been  already  stated  as  applicable  to  the  velooi^  of  fidl- 
ing  bodies.  It  increases  as  the  squares  of  the  distances  of  bodies 
decrease,  and  decreases  as  the  squares  of  their  distances  increase. 
Thus,  if  one  body  attracts  another  with  a  certain  force  at  the  dis- 
tance of  one  mile,  it  will  attract  with  four  times  the  force  at  half 
a  mile,  nine  times  the  force  at  one-third  of  a  mile,  and  so  on  b 
proportion ;  and  on  the  contrary,  it  will  attract  with  but  one-fourdi 
the  force  at  two  miles,  one-ninth  the  force  at  three  miles,  oneHsix- 
teenth  of  the  force  at  four  miles,  and  so.  on  as  the  distance  in- 
creases. Applying  this  principle  to  the  gravitative  attraction  of 
the  earth,  it  follows  that  its  force  must  be  four  times  greater  at 
the  earth's  surface  than  at  double  that  distance  from  its  centre; 

What  tmth  in  regard  to  gravitation  was  first  established  by  Galileo? 

What  measure  must  we  adopt  previously  to  applying  the  principles  of 
gravitation  ? 

Does  the  rate  of  aeeeleration  by  gravity  eontinue  the  same  at  all  dis- 
tances above  the  surface  ?   State  the  law  applicable  to  this  subject. 

the  velocity  of  falling  bodies,  even  till  the  time  of  Newton's  discoveries. 

— Vid.  Regis  Physic,  lib.  ii.  cap.  23  ;  also.  Annotations  of  Dr.  Samod 

Clarke,  on  RobmulCn  Treatiae  on  l(atnra\P\n\QK)i|^^^  %^o^^Vft!iK^«i 

canattlmd  as  of  ttenclard  anthority  in  Cbft  be|^umvi%  q(  iQba\mJl  wsBtaw^ 


ORAVITATIVE  ATTRACTION  OF  THE   EARTH.  4i 

9od  m  thB  weight  of  bodies  is  estimated  bj  the  pressure  or  gravi 
tatinff  force  with  which  they  tend  towards  the  earth,  a  body 
wiMgBiDff  one  pound  at  the  earth's  surface  would  have  only  ono- 
fiittrtk  of  that  weight,  if  it  could  be  removed  as  far  from  the  sur- 
fiuie  of  the  earth  as  die  surfiice  is  from  the  centre.  And  at  tbe 
distance  of  the  moon  from  the  earth,  which  is  940,000  miles,  the 
vcighit  or  grantatiiiff  force  of  the  same  body,  as  selected  by  the 
^ttribotMii  «  the  earth,  would  be  equal  to  only  the  3600th  part  of 
a  pound.  Fer  reckoning  the  distance  of  the  earth's  surface  from 
ils  eenive  to  be  4000^  mues,  thai  is,  half  its  diameter,*  the  dis- 
tance of  the  mooB  would  be  sixty  times  as  great,  and  the  square 
of  that  munbei:,  or  9600,  would,  ae  just  stiSed,  indicate  the  de- 
mease  of  gnravityt  at  the  distance  of  940,000  miles  from  the  surface 
o€  the  eaitn. 

74.  Tilts  deereeee  of  weight,  in  proportion  to  the  squares  of  in- 
eroattog  dfetaoces,  might  in  some  situations  be  made  the  subject 
of  .eiqMriment.  A  baQ  of  iron,  weiring  a  thousand  pounds  at 
the  leviri  of  tiie  sea,  would  be  p^ceived  to  have  lost  two  pounds 
of  its  wei|(ht,  as  ascertained  by  a  spring  balance,  if  taken  to  the 
top  of  a  mountain  four  miles  high.  The  ssme  bodj  removed 
fvsn  Edinbur^4o  the  north  pole  would  ^n  the  addition  of  three 
ponnds;  and  if  conveyed  to  the  equator,  it  would  suffer  a  loss  of 
four  poondB  and  a  quarter.  To  account  for  the  loss  of  weight  in 
the  lastF^nentioaed  situation,  it  must  be  recollected  that  the  earth 
is  net  a  perfect  sphiire,  bnt  that  its  figure  is  spheroidal,  the  diame- 
ter of  the  esrth  fipom  pole  to  pole  bein^  somewhat  less  than  in  the 
liae  of  the  equator;  the  equatorial  regions  therefore  must  be  more 
distant  from  the  centre  of  attraction  than  the  polar  regions,  voA 
the  fovee  of  gravitatioa  at  the  former  consequently  less  than  at 
the  latter.  Hence  the  point  of  greatest  attraction  must  be  at 
eiAw  of  the  poles ;  for  if^the  iron  ball,  just  mentioned,  could  be 
cenveyed  to  tne  depth  of  four  miles  within  the  bowels  of  the  earth, 
it  would  be  found  is  be  lighter  by  one  pound  than  at  the  surftce; 
since  it  would  be  attracted  on  every  side,  and  the  force  of  gravi- 
tation  upwards  would  in  some  degree  counteract  the  preponderafr* 
ing  force  with  which  it  would  press  downwards.  If  it  were  poa« 
sible  for  the  iron  ball  to  reach  the  centre  of  the  earth,  it  would 
Upeensasily  there  lose  the  whde  of  its  weight,  for  the  attraction 
of  ^rravitatien  acting  equally  in  every  direction,  no  effect  would 

How  much  |;reater  it  the  foree  of  grmTitatien  at  the  earth's  inHvee, 
tkaa  at  a  temi^isnieter  above  It }  How  much  would  a  pound  wei|^  if 
carried  to  the  distanee  of  the  moon  ? 

How  might  the  deereaie  of  weight  in  bodies  rerooTed  to  a  distance 
above  the  surface  of  the  earth  be  experimentally  proved  f 

How  is  differeivoe  of  weights  in  different  latitudes  to  be  explained  ? 

What  effSsct  upon  Ity  weight  would  arise  from  carrying  a  body  far  be« 
neath  the  surfkee  ? 

What  would  be  the  weight  of  a  body  carried  to  the  centre  of  the  earth  f 

*  The  mean  semi-diameter  of  the  earth  may  be  etUmatftd  iolvc^  ^-^r* 
aetly  at  3950  miles. 
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be  produced)  and  the  ball  would  be  fixed,  as  if  encircled  by  an 
infinite  number  of  magnetic  points. 

76.  Connected  with  this  part  of  the  subject  there  are  some  cu- 
rious problems,  the  solution  of  which  requires  mathematical  cal- 
culations, but  the  results  alone  are  here  introduced,  as  furnishing 
interesting  illustrations  of  the  power  of  gravitation. 

Suppose  the  axis  of  the  earth  were  penorated  from  pole  to  pole ; 
a  bodV  falling  through  the  perpendicular  hole,  being  attracted  on 
all  sides,  would  be  urged  downwards  only  by  a  predominating 
force,  proportional  to  its  distance  from  the  centre.  The  velocity . 
acquired  at  this  centre,  reckoning  the  length  of  the  axis  7900 
miles,  would  be  equal  to  95,834  teet  each  second.  Hie  time  of 
descent  would  be  13681  seconds,  or  31'  S^'i ;  and  the  whole  tone 
of  passing  to  the  opposite  pole  43^  16^'^.* 

76.  Conceive  a  body,  under  the  mere  influence  of  terrestrial 
attraction,  to  fall  from  uie  orbit  of  the  moon  to  the  earth*B  snirtfoee. 
At  the  mean  distance  of  sixty  semi-diameters  of  the  earth  from  its 
surface,  the  initial  force  would  be  diminished  3600  times :  with 
the  same  continued  acceleration,  therefore,  it  would  consume  a 
period  of  596,578  seconds,  or  six  days,  two  hours,  sixteen  minuteSy 
and  eighteen  seconds,  in  performing  the  whole  descent.  The 
final  velocity,  on  this  supposition  being  4680.69  feet  each  8»* 
cond.  Such  would  be  the  time  of  descent  under  the  influence  of 
uniform  acceleration ;  but  the  time  required  with  va  acoeleratioii 
inversely  as  the  square  of  the  distance  from  the  centre  wonld  be 
only  414,645  seconds,  or  four  days,  nine  hours,  ten  minutes,  and 
forty-five  seconds.  And  in  this  case  the  final  velocity  would  be 
36,356.45  feet,  or  about  seven  miles  each  second.  Abstraeli- 
ing,  then,  from  the  reisistance  of  the  atmosphere,  a  body  propelled 
directly  upwards,  with  this  last  velocity  of  36,356.45  feet  in 
a  second,  would  mount  to  the  orbit  of  the  moon;  but  with  the  ad- 
dition of  one  hundred  and  twentieth  part  more,  or  305  feet  to  eveiy 
second,  it  would  reach  the  sun;  and  with  the  further  acceleratioB 
of  less  than  one  foot,  amounting  to  36,563.43  feet  each  second,  tiie 
body  would  be  enabled  to  continue  its  flight  into  the  regions  of 
boundless  spaoe.f 

What  would  be  the  velocifj  and  the  time  of  a  body  deseendiog 
through  a  perpendioalar  hole  aloog  the  axis  to  the  eaurth's  eentre  f 

How  long  would  it  take  a  body  to  fall  from  the  moon  to  the  eardi  ? 
and  what  would  he  ita  relocitj  on  reaching  the  surface  ? 

With  what  vdocitj  mast  a  body  be  shot  upwards,  in  order  to  paaa  be* 
yond  the  solar  system. 


*  In  the  hypothetical  case  here  propounded,  it  must  be  admitted  tliat 
the  acouired  velocity  of  the  body  at  the  centre  of  the  earth  would  oter- 
come  the  obstacles  to  its  ascent,  and  enable  it  to  complete  ita  paaaace. 

t  Leslie's  Elements  of  Natural  Philosophy,  Snd  edit  £dinb7lM» 
Vol.  i.  p.  106,  7. 
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f/teeeleraied  MoHon, 

77.  The  increase  or  acceleration  of  yelocity,  from  the  force  of 
gravitatiye  attraction,  has  been  stated  to  be  as  the  squares  of  the 
nninbers  representing  equal  portions  of  the  time  during  which  a 
body  falls.  It  has  been  found  convenient  to  consider  the  time  of 
descent  of  falling  bodies  as  divided  into  seconds,  so  that  if  a  body, 
under  the  influence  of  gravitation  alone,  falls  one  foot  in  one  se- 
cond, it  must  fall  four  feet  in  two  seconds,  nine  in  three  seconds, 
sizteeen  in  four  seconds,  and  so  on,  in  progression ;  the  squares 
of  the  numbers  of  the  seconds  showin?  the  number  of  feet  passed 
through  by  the  falling  body  at  the  end  of  each  second.  In  order 
to  disoover  the  distance  passed  through  in  each  particular  second 
of  the  time,  it  is  merely  requisite  to  subtract,  from  the  whole  dis- 
tance completed  at  the  end  of  that  second,  the  number  of  feet  at 
the  end  of^the  preceding  second.  Thus,  from  4  feet,  the  distance 
in  two  seconds,  take  I  foot,  the  distance  in  the  first  second,  and 
3  the  remainder,  will  be  the  number  of  feet  passed  through  in  the 
second  second  only ;  from  9,  the  distance  m  three  seconds,  take 
4,  the  preceding  distance  in  the  first  two  seconds,  and  the  remain- 
der 5  will  be  uie  distance  in  the  third  second;  so  from  16,  the 
distance  in  four  seconds,  the  preceding  distance  of  9  being  sub- 
tracted, will  leave  7,  the  distance  in  the  fourth  second. 

78.  Gravitation  heisxs  a  continually  acting  force,  a  body  falling 
thro\igh  its  influence  alone  would  in  every  instant  of  its  descent 
move  faster  than  in  the  preceding  instant,  and  consequently,  at 
the  end  of  any  given  time,  it  would  be  impelled  by  a  force  be- 
yond that  which  carried  it  through  the  preceding  space.  This 
force  may  be  estimated  in  the  following  manner.  Suppose  a  body, 
after  having  &llen  during  one  second,  by  the  impulse  of  gravita- 
tion, to  be  no  longer  acted  on  by  an  accelerating  force,  but  to  con- 
tinue its  motion  with  the  velocity  already  acquired,  describing 
through  the  remainder  of  its  descent  equal  spaces  in  equal  times. 
In  such  a  case  it  would  be  found  that  the  falling  body,  in  every 
successive  second  of  its  descent,  after  the  first,  would  pass 
through  twice  the  space  through  which  it  had  fallen  in  the  first 
second  by  the  force  of  gravitation.  And  the  velocity  being  esti- 
mated by  the  space  described  uniformly  in  one  second,  it  follows 
that  the  velooity  acquired  in  one  second  must  be  equal  to  double 
the  space  through  which  a  body  would  fall  freely  by  the  action 
of  grravity  in  one  second.  Since  then  the  velocity  increases  in 
the  same  proportion  as  the  time,  it  would  be  twice  as  great  at  the 
end  of  the  second  second,  as  at  the  end  of  the  first,  thrice  as 
great  at  the  end  of  the  third  second,  and  so  on. 

How  eaa  we  discover  the  distance  passed  through  in  each  separate 
•eeond  of  the  descent  of  a  body  ?    Exemplify  this  b^  a  particular  case. 

WiUi  what  uniform  velocity  per  second  would  a  bod^  raoN<&^  «.^ct  Vvi- 
ing  Allien  for  oae  second,  soppoaing  the  force  ot  {pmVvXsA^Qti  \^'Vk^  ^iKCk 
mupended/ 
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79.  The  foUowmg  table,  constmeted  oi 
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windi  of  the 

period  of  deieeiit 
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Valooi^  Mti-  Shm  la  fM 
iiu[i»l  hj  tent,  fttllOBtlinH^ 
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la 


IT 


80.  It  will  aX  once  appear  from  the  inipectidii  of  this  table  thn 
the  time  of  descent  of  railing  bodies  increasing  as  the  nnmben 
1,  3,  3,  tie.,  and  the  entire  spacea  paned  throngh  aa  the  aqnans 
of  those  nambera,  the  alimentation  of  Telocity  Till  be  mpn- 
sented  b;  the  even  nnmben,  in  ree|nlar  progression,  and  the  ipaoee 
passed  trough  in  each  second  ojr  the  odd  numbera.  Hie  mm 
of  the  number  of  feet  in  the  foQith  column  will  of  course'  nre 
the  numbei  of  feet  fyien  through  in  the  whole  time ;  and  the  oii- 
tance  fallen  throog'h  in  any  part  of  the  time  maj  be  fonnd  in  the 
same  manner,  "niue,  l-|-3-|-5,  &c.  to  19  inclnsire  will  amonnt 
to  100.  So  the  space  fallen  Atoa^  in  any  number  of  aecoDdl 
may  he  ascertained  by  adding  the  corresponding  Daml)eni  io  the 
1  J  ■>  »)  second  and  third  columns,  toeo^ 
\  r\  I  ther  with  the  nuniber  repreeentuf 
the  space  fallen  through  in  dw 
first  second  of  descent.  IIid*  4 
+4-=8  +  l=9;  19+36=48  +  1= 
49;  18  +  81=99  +  1=100.  And 
tiie  same  results  may  be  obtaiaed 
In  any  similar  cases. 

81.  The  nature  of  acceleratiD^ 
velbci^,  as  eihibited  in  filing- bo- 


dies, may,  perhaps,  be  somewhat 
C  elucidated  by  rererencs  to  the  i^ 


ries  of  Iriang-les  in  the  anneied  diafram.  Let  the  line  A  B  d^J 
note  the  time  of  the  descent  of  a  falung  body,  divided  into  eqnaf 
portions,  as  seconds;  then  the  small  numbered  triangles  may  r^ 


E-tplniii  (he  rclalim 


(he  table,  belveen  the  tirae,  the 

yeloflltj,  anil  Bpace  deicHbed  lO' 
repreienti  die  augment* tttm  of 


each  seennd.    Whsl  laiiei  of 
la  •'hilt  geometrical  figure  may  rtii»rel»tion\«  e»\>i\A\ni'. 
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present  the  space  fallen  througrh,  under  the  influence  of  graTitm- 
tion :  the  number  of  the  triangles  in  each  line  showin?  the  num- 
ber of  feet  passed  through  in  each  second,  and  Uie  entire  number 
the  -whole  space  described  in  five  seconds.  By  completing  the 
square,  as  wi^  the  dotted  lines,  it  may  be  perceived  how  it  hap- 
pens that  the  velocity,  acquired  by  a  falling  body  at  the  end  of 
each  second,  is  more  than  is  expended  in  its  passage  through  the 
next  second ;  and  also  it  will  appear  that  a  body,  moving  uni- 
formly with  the  velocity  acquired  at  the  end  of  any  ^ven  second 
of  time,  will  describe  double  the  space  described  m  the  same 
time  by  a  body  falling  under  the  influence  of  gravitation  alone. 
For  suppose  the  triangles  a,  6,  e,  <£,  «,  to  denote  the  surplus  velo- 
city at  the  end  of  each  second,  which  must  be  sufficient  to  carry 
the  falling  body  through  one  foot,  they  will,  if  added  successively 
to  the  numbered  triangles  in  each  line,  show  the  velocity  acquired 
in  each  succeeding  second ;  and  therefore  the  triangles  17, 18, 19, 
20,  31,  22,  23,  24,  25,  and  e  will  be  ten  in  number,  the  amount 
of  the  velocity  acquired  at  the  end  of  five  seconds.  Now  a  body 
moving  with  the  uniform  velocity  of  ten  feet  in  a  second  would 
pass  through  the  distance  of  fifty  feet  in  five  seconds ;  while  a 
Dody  failing  through  gravitation  only  would  pass  through  but 
twenty-five  feet  in  me  same  time :  and  the  space  described  by  the 
uniformly  movin&r  body,  at  the  rate  of  ten  feet  in  a  second,  may  be 
represented  by  tne  square  A  B  C  D ;  while  the  triangle  ABC 
would  represent  the  space  described  by  a  body  moving  with  ac- 
celerated velocity,  in  tne  same  time ;  and  as  the  square  is  equal 
ta  the  doubled  triangle,  so  the  former  space  would  be  double  the 
latter. 

83.  Hence  likewise  a  body  moving  uniformly,  with  half  the 
velocity  ilrwould  acquire  at  the  end  of  any  given  time,  would  pass 
through  a  space  exactly  equal  to  that  which  it  would  describe 
moving  with  accelerating  velocity  during  the  same  time.  Ac- 
cording to  the  preceding  table,  the  velocity  of  a  body  at  the  end 
of  ten  seconds  would  be  equal  to  twenty  feet ;  now  half  that  velo- 
city, or  ten  feet  in  a  second,  would  carry  a  body  through  one  hun- 
dred feet  in  ten  seconds,  which  is  precisely  the  space  it  would 
have  fallen  through  in  that  time,  by  the  effect  of  gravitation. 

83.  Thus,  the  velocity  acquired  at  the  end  of  any  given  time 
beinff  sufficient  to  have  carried  a  body  twice  the  distance  it  would 
reach  with  gradually  accelerated  velocity,  it  follows  that  the  velo- 
city actually  expended  in  the  latter  case  is  only  half  the  velocity 
that  has  been  acquired ;  and  since  the  final  velocity  in  each  se- 
cond is  represented  by  a  number  double  that  denoting  the  time, 
the  real  amount  of  accelerating  velocity  may  be  expressed  by 
a  number  equal  to  the  time.    Hence  as  the  space  fallen  through 

Wiih  what  velocity  must «  body  move  uniformly,  in  order  to  describe 
s  given  space  in  the  same  time  as  when  uniformly  accelerated  by  gravi- 
tation ? 

How  may  the  real  Moiount  of  aceelerating  ve^oeltf  \te  ei?giv^vii&^\  ^1 
nfhat  product  majr  the  space  be  repreieiited  ? 

£ 
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by  a  gravitatiDg  body  is  eaual  to  the  square  of  the  time,  thai  Ib  fh$ 
number  representing  the  time  multiplied  by  itself,  so  the  time  and 
the  velocity  being  equtd,  the  space  must  be  as  the  squate  of  the 
velocity,  or  as  the  time  multiplied  by  the  velocity. 

84.  We  hare  already  taken  occasion  to  observe  that  the  foree 
of  gravitation  varies  at  different  distances  from  the  centre  of  attne- 
tion ;  and  hence  the  absolute  effect  of  gravitative  influence  must 
vary  also.  The  consequence  of  this  principle,  as  exemplified  ia 
the  augmentation  or  reduction  of  the  weight  of  bodies  in  different 
situations,  has  been  pointed  out.  And  since  bodies  in  motion  are 
acted  on  by  gravitation  in  the  same  manner  as  bodies  at  rest,  it 
follows  that  falling  bodies  will  describe  greater  spaces  in  equal 
times,  according  to  the  increased  intensity  of  gravitation,  as  occa- 
sioned by  the  diminution  of  the  distance  through  which  it  acts. 

85.  In  order  therefore  to  discover  by  experiment  the  force  of 
gravitation,  as  measured  by  the  space  through  which  a  body  would 
fall,  in  a  given  time,  as  one  second,  we  must  know  what  is  the 
distance  of  the  gravitating  body  from  the  centre  of  attraction.  U, 
as  already  remarked,  the  earth  were  a  perfect  sphere,  every  part 
of  its  sur&ce  would  be  equidistant  from  its  centre ;  but,  since  it  is 
an  oblate  spheroid,  or  globe  flattened  at  the  poles,  the  attractioD 
must  there  be  strongest,  and  must  decrease  in  the  intensity  of  its 
force,  in  the  direction  of  a  line  from  eitlier  of  the  poles  to  the 
equator.  Such  a  line  would  be  a  meridian  of  longitude,  and  the 
degrees  of  latitude  measured  on  it  would  be  so  many  points  «t 
which  the  intensity  of  gravitation  was  progressively  diminishing. 

8G.  Hence,  in  experiments  made  to  ascertain  directly  th9 
amount  of  m-avitative  force  as  measured  by  the  space  a  body 
would  fall  through  in  one  second  of  time,  regard  must  be  had  to 
the  latitude  of  the  place  where  the  experiment  miglft  be  made, 
and  if  the  utmost  accuracy  were  required,  the  height  of  the  spot 
above  the  level  of  the  sea  must  also  be  taken  into  the  account 
These  observations  will  be  suflicient  to  show  that  no  small  degree 
of  skill  and  attention  would  be  requisite  in  order  to  ensure  the 
perfect  exactness  of  such  experiments.  Instead  therefore  of  piu^ 
suing  tliis  train  of  investigation  further  at  present,  we  shall  pio> 
ceed  to  state  that  numerous  and  very  accurate  experiments  hate 
been  made,  whence  it  appears  that  in  the  latitude  of  London, 
which  is  near  the  level  of  the  sea,  a  heavy  body  falls,  from  the 
action  of  gravity,  in  the  first  second  of  its  descent,  through  the 
space  of  sixteen  feet  and  one  inch,  or  193  inches. 

87.  In  making  calculations  relative  to  the  phenomena  of  fallini 
bodies,  when  extreme  accuracy  is  not  required,  the  space  passM 

What  will  enable  us  to  discover  by  experiment  the  force  of  gravitc- 
tiojj  ? 

How  does  the  fi^re  of  (be  earth  affect  its  foree  of  attraction  tt  the 
different  parts  of  its  surface  ?  Through  what  space  will  a  body  fiUl  is 
the  first  second  in  the  latitude  of  London  ? 

What  majgenenlly  be  assumed  for  th«  s\^«e  <l««u\\ke^  \u  «ui&  %n«nMi 
iff  a  bod/  fulling  freely  ? 
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throngrh  in  one  second  of  time  may  be  estimated  at  16  feet;  and 
taking  this  as  the  common  multiple  of  distances  and  velocities,  s 
table  similar  to  that  already  given  may  be  constmcted,  by  means 
of  which  the  spaces  fallen  through  in  any  ffiven  time  may  be 
ascertained  with  sufficient  exactness.  'Hie  following  short  speci- 
men of  such  a  table  may  be  easily  extended  by  the  young  stu- 
dent, so  as  to  afford  data  for  the  resolution  of  several  mteresting 
questions. 


>nd 

■eei 

f       Feet  passed 
°      through  at  the  end 
of  each  seeond. 

Final  velocity 
in  each  seeond. 

Feet  passed 

throagh  in  each 

second. 

1 

16 

32 

16 

2 

64 

64 

48 

3 

.       144 

96 

80 

4 

.       256 

128 

.       112      • 

5 

.       400 

160 

.       144 

88.  Suppose  now  we  wish  to  discover  the  heiffht  of  an  emi- 
nence, or  the  depth  of  a  well ;  by  dropping  a  leaden  bullet  from  the 
top  of  either,  and  observing  how  many  seconds  elapsed  before  it 
reached  the  bo^om,  a  table  like  the  above  would  sho^v  by  inspco- 
tion  how  many  feet  the  space  amounted  to  in  eithei  case.  No 
notice,  however,  is  here  taken  of  the  resistance  of  the  air,  which 
would  ^rreatly  affect  the  motion  of  bodies  falling  from  a  consider- 
able height.  Several  years  ago  a  man  dropped  from  the  balcony 
of  the  Monument,  near  London  Bridge,  a  height  of  about  200  feet: 
he  would  therefore  have  fallen  to  the  pavement  below  in  nearly 
three  seconds  and  a  half,  but  for  the  resistance  of  the  atmosphere ; 
notwithstanding  which  he  must  have  been  whirled  downwards 
with  a  veV>city,  which  perhaps  rendered  the  miserable  being  in- 
sensible of  the  appalling  catastrophe  that  awaited  him.  Some- 
times aerolites  have  exploded  in  the  air,  and  fallen  in  showers  of 
meteoric  stones,  as  happened  near  Sienna,  in  Italy,  in  1794 ;  and 
at  L'Aigle,  in  France,  in  1803.  If  the  moment  of  such  an  eiqplo- 
sion  could  be  observed,  and  also  that  at  which  the  stones,  or  any 
one  of  them,  came  to  the  ground,  the  height  at  which  the  pheno- 
menon took  place  might  be  estimated  wim  tolerable  accuracy. 

89.  The  oDstacles  which  occur  in  the  experimental  investigation 
of  the  laws  of  gravitation  are  partly  owing  to  the  very  extensive 
space  that  would  be  required  for  direct  experiments  on  falling 
bodies,  even  for  a  few  seconds ;  and  to  these  would  be  added  the 
variable  effect  of  atmospheric  pressure  against  bodies  moving  with 
great  velocity.  The  consideration  of  these  difficulties  led  Mr. 
George  Attwood,  an  ingenious  philosopher  who  died  in  the  early 
part  of  the  present  century,  to  contrive  a  machine  in  which  the 
influence  of  gravitative  force  mi^ht  be  moderated  without  destroy- 
ing its  characteristic  efficiency,  m  the  production  of  an  accelerated 

How  might  the  height  of  an  exploding  meteor  be  estimated  ? 
What  obstacles  occor  in  the  direct  experimental  \nve«l\^^fm.  oJl  ^<^ 
lavi  of  Ml'tag^hodht/ 
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motion.  This  piece  of  machinery  was  very  elabo* 
rately  constmcted,  and  some  parts  of  itcoold  not  ba 
correctly  described  without  eiRering  into  extenaiTS 
details,  and  ^ving  delineationa  on  a  large  aoala; 
but  the  principle  on  which  it  acted  may  be  concise* 
ly  explained.  Eqnal  weights  A  and  fi,  being  sos- 
pended  by  a  fine  silken  cord,  passing  over  a  wheel 
moving  with  tbe  least  possible  degree  of  frletioo ; 
then  by  adding  a  certain  quantity  to  one  of  the 

VQ  ^  weights,  as  by  placing  on  it  a  small  bar  C,  de- 
■^  scendinff  motion  may  he  jprodnced,  differing  in  in- 
H  tensity  from  that  caused  by  ^e  unrestrained  power 
of  gravitation,  but  obepng  tiie  same  law  of  accelerating  velocity; 
so  that,  thou^  the  loaded  weight  might  be  made  to  descend  omy 
one  inch  in  one  second,  its  continued  motion  would  be  found  to 
proceed  in  the  regular  ratio  of  the  squares  of  the  times  of  descent 

90.  It  might  be  imagined,  that  as  the  large  weights  counteiba- 
lance  each  (mier,  the  small  bar  onght  to  descend  as  freely  as  if 
they  were  removed ;  but  the  gravitating  force  expended  m  pro- 
ducing motion  is  partly  consumed  in  overcoming  the  inertia  of  dM 
large  weigh  s,  and  tiierefore  the  portion  of  it  which  acts  as  a  mev* 
ing  power  y^  ill  bear  the  same  propoition  to  the  whole  fbiee,  as 
the  weight  of  the  bar  alone  bears  to  the  entire  moving  mass,  for 
it  is  expended  in  drawing  down  the  loaded  weight  A  on  one  idd^ 
and  raising  the  weight  B  on  the  other  side,  at  the  sanie  time* 
Thus  if  the  weights  were  two  pounds  each,  and  the  b»  ireighed 
but  half  a  pound,  the  force  expended  would  be  but  one-nintfi  part 
of  the  whole  force ;  and  the  loaded  weight  A  would  descend  bnt 
one-ninth  part  of  sixteen  feet  in  tiie  first  second  of  time,  and  witii 
the  same  roduced  velocity,  as  the  squares  of  the  times,  tfaroygfaont 
its  descent.  By  means  of  tiiis  machine  a  variety  of  most  interesting 
and  important  experiments  may  be  performed,  and  tiie  laws  m 
gravitation  satisfactorily  demonstrated. 

91.  Bodies  projected  directly  upwards  will  be  influenced  by 
gravitation  in  their  ascent  as  well  as  in  their  descent;  but  its  force 
must  be  calculated  inversely,  producing  continually  retarded  mo- 
tion while  they  are  rising,  and  continuSly  increasing  motion  dni^ 
ing  their  fall.  So  that  a  body  propelled  perpendicularly  through 
the  air,  leaving  out  of  the  question  the  resistance  of  the  medium 
through  which  it  passed,  would  rise  to  a  height  exactiy  equal  to 
tiiat  from  which  it  must  have  fallen  to  acquire  a  final  veloci^  the 
same  as  it  had  at  the  first  instant  of  its  ascent.  And  the  velocity 
would  be  the  same  in  the  corresponding  parts  of  the  asoent  anp 
descent.  The  time  likewise  which  the  propelled  body  required 
to  attain  its  utmost  height  would  be  just  equal  to  that  during 

Describe  the  prineiple  of  Attwood's  maehine.  What  portion  of  the 
p^vitatin^  foree  of  the  bar  added  to  one  of  hit  equal  weights  if  employed 
in  producing  motion  ? 

What  lavs  of  motion  apply  to  bodies  prQ|eeted  directly  anwardi  ? 

fVbat  reUtion  exists  between  the  t^mei  ot  \!tie\t  a,ie«B^«wL  ^««Mia\> 
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which  It  would  be  falling  to  the  ?roand.  Hence  the  laws  which 
reg;iilate  tinifbrmly  accelerated  yelocities  will  apply  equally  to  uiii« 
formly  retarded  velocities :  that  is,  the  velocity  lost  in  any  nven 
time,  by  the  influence  of  a  uniformly  retarding  force,  will  be  tm 
the  time ;  the  space  passed  through  as  the  square  of  the  time,  or 
the  square  of  the  velocity ;  and  so  on,  as  in  the  case  of  accelerat- 
ing forces. 

Motion  of  Bodies  on  inclined  Planes  and  Curves. 

92.  Among  the  varieties  of  accelerated  motion  depending  on 
the  induence  of  gravitation,  that  of  bodies  passing  alon?  incUned 
planes  requires  to  be  noticed,  as  exhibiting  the  modifiedefiect  of 
a  most  extensively  actin?  force.  When  pressure  is  applied  in  a 
vertical  direction  to  a  body  supported  by  a  horizontal  plane,  it  is 
manifest  that  no  motion  can  ensue ;  and  the  force  of  grravitatfon 
thus  acting  can  be  measured  only  by  the  direct  weight  of  the 
body  so  situated.  But  if  the  plane  surface  on  which  the  body 
rests  be  inclined  in  any  de^ee,  the  efficient  weight  will  be  pro* 
portionally  diminished;  ana  if  the  inclination  of  Uie  plane  be  suf- 
ficient to  enable  the  body  to  overcome  the  resistance  to  its  motion 
arising  from  friction  and  similar  causes,  the  body  will  move  dowi> 
the  plane  with  a  velocity  so  much  the  greater  as  the  surface  ovei 
which  it  moves  approaches  to  a  vertical  direction.  The  motion 
in  this  case  will  be  a  continually  accelerated  motion,  differing  in 
degree  of  relative  velocity  from  that  caused  by  the  direct  influence 
of  gravitation,  but  subject  to  the  same  law  of  acceleration. 

93.  In  order  to  estimate  the  force  with  which  bodies  are  im- 
pell^  down  inclined  planes,  we  omit  for  the  present  all  conside- 
ration of  the  resistance  occasioned  by  friction  ;  and  therefore  sup- 
pose a  plane  to  have  a  perfectly  smooth  surface,  and  the  figure  of 
the  moving  body  to  be  globular,  and  of  the  same  density  in  every 
part,  so  as  to  be  capable  of  motion  in  any  direction. 

94.  Let  A  C  represent  the  declivity  of 
an  inclined  plane,  A  B  its  perpendicular 
height,  and  D  E  the  absolute  weight  of 
an  ivory  ball  on  its  surface ;  now  this 
weight,  by  the  parallelogram  of  forces, 
will  be  found  to  act  in  two  directions ; 
D  F,  or  G  E,  denoting  the  direct  pres- 
sure perpendicular  to  the  declivity  of  the 
plane,  and  D  G,  or  F  E,  in  the  direction 
'^  of  that  declivity :  the  former  force  it  is 

How  can  the  force  of  Rravitation  in  n  body  pressing  a  horizontal  plane 
be  measured  ?  What  effect  on  the  pressure  of  the  plane  will  result  from 
its  becoming  inclined  ?  When  will  motion  commence  on  the  inclined 
plane  ? 

Of  what  natare  will  be  the  motion  over  the  inclined  plane  ? 

Wliat  circumstances  are  we  to  omit  in  first  estimating  ihc  fov^^  ^1 
motion  on  inclined  planes  ?    Deaaribe  the  diagram  re\«X\i\^  Xo  ^\%  w^ 
ject 
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obvious  will  be  destroyed  by  the  resistance  of  the  plane,  and  tlw 
ball  will  consequently  move  down  the  plane  with  a  fotce  bearmff 
the  same  relation  to  the  force  of  gravity  that  D  O  does  to  D  £, 
that  is,  it  would  move  down  the  plane  through  a  space  equal  to 
D  G,  while  it  would  fall  through  a  spaee  equal  to  D  E  by  the 
force  of  gravitation.  ^. 

95/  Whatever  may  be  the  declivity  or  inclina* 
tion  of  the  plane,  the  force  of  a  body  moving  down 
it  may  be  estimated  on  the  same  principle.  Thus 
suppose  the  obliquity  of  the  plane  to  be  very  con- 
siaerable,  as  represented  in  the  margin,  the  line 
D  G  would  be  nearly  equal  to  D  E ;  and  the  force 
of  the  body  movinff  on  such  a  plane  would  mani- 
festly be  little  inferior  to  that  of  the  same  body 
falling  freely. 
As  the  force  of  a  body  movinff  on  an  inclined 

plane  is  less  than  that  of  a  body  moving  by  the 

influence  of  gravitation,  its  final  velocity  in  a  given  time  must  also 
be  less ;  and  the  distance  through  which  it  must  move  on  a  decli- 
vity to  acquire  a  certain  final  velocity  must  be  greater  than  that 
through  which  it  must  fall  freely  by  the  effect  of  gravity  to  ac- 
quire the  same  velocity. 

96.  It  may  be  demonstrated  that  a 
body  moving  down  any  inclined  plane 
will  acquire  the  same  final  veloci^,  in 
passing  from  A  to  C,  that  it  would  nave 
ffained  in  falling  through  the  relative 
distance  A  B.  For  let  A  D  be  the 
space  through  which  the  body  would 
move  down  the  plane  in  the  same  time  that  it  would  fall  from  A 
to  B,  it  follows  that,  in  order  to  acquire  the  same  velocity  that  it 
would  gain  by  falling  from  A  to  B,  it  must  pass  through  a  space 
bearing  the  same  proportion  to  A  B  that  A  B  does  to  A  D ;  and 
as  the  triangles  A  D  B  and  A  B  C  are  similar,  their  correspond- 
inff  sides  must  have  the  same  relations  to  each  other ;  therefore 
Ap  will  betoAB,asABtoAC.  Hence  the  proposition  will 
universally  hold  good,  that  a  body  rolling  down  an  inclined  plane 
of  any  extent  or  obliquity,  but  for  the  effect  of  friction  or  similai 
causes,  would  acquire  the  same  final  velocity,  as  if  it  had  fallen 
directly  through  a  space  equal  to  the  perpendicular  height  of  the 
summit  of  the  plane.  *  ^ 

97.  Bodies  moving  on  curved  surfaces  would  not  exhibit  uni- 
formly accelerated  velocity,  like  those  moving  on  inclined  planes ; 

What  relRtion  will  the  final  veloeitj  of  a  body  moving  on  an  inelioed 
plane,  bear  to  that  which  it  would  aequire  in  failing  perpendieolarl/ 
through  the  same  distance? 

What  rclatioo  will  the  velocity  of  a  body  falling  freely,  and  of  one  de- 
seending  an  inclined  plane,  bear  to  the  length  and  height  of  the  plane  ? 

With  whMt  tort  of  velocities  will  a  body  move  down  a  curved  sorfiMe? 
Whx  would  not  the     motion  be  unitoTViXy  «LcnK\«T«te^^. 


MOTION  OF  BODIES  ON  CURVED  SURFACES.  50 

&r  the  resistance  occasioned  by  the  peculiar  fonn  of  the  canre  in 
which  any  such  body  might  move  would  be  continually  changing, 
and  the  result  of  that  resistance  would  be  a  consequent  change  m 
bofh  the  velocity  and  the  direction  of  the  moving  body.  Some 
idea  of  the  nature  of  this  perpetual  change  may  be  obtained  from 
considering  what  would  be  the  effect  of  presenting  to  a  moving 


body  a  succession  of  inclined  planes,  either  ascending  or  descend* 
ing,  the  outline  of  which  would  form  a  rude  resemblance  to  a 
curved  surface.  From  the  mere  inspection  of  the  preceding 
figures,  it  may  be  comprehended  that  a  body  passing  oyer  a  con- 
vex surface,  as  from  A  to  B,  would  encounter  a  perpetually  dimi* 
nishing  resistance ;  and  in  passing  over  a  concave  surface,  as  from 
C  to  D,  the  resistance  would  progressively  increase.  For  in  the 
former  instance,  the  effect  would  be  as  if  the  moving  body  rolled 
down  a  number  of  declivities,  each  one  more  oblique  than  the 
preceding ;  and  in  the  latter,  it  would  be  as  if  the  body  passed 
over  a  series  of  declivities,  each  of  which  approached  nearer  than 
the  preceding  to  the  figure  of  a  horizontal  plane. 

98.  Having  thus  endeavoured  to  explain  the  manner  in  which 
curvilinear  motions  are  produced  by  the  constant  action  of  variable 
forces,  we  can  now  proceed  to  investigate  the  phenomena  of  cur- 
vilinear motions  in  general.  When  a  body  moves  through  an 
entire  circle,  with  uniform  velocity,  as  it  must  be  impelled  by 
forces  continually  varying  in  intensity  and  direction,  those  varia- 
tions must  be  supposed  to  take  place  momentarily,  or  in  incon- 
ceivably minute  portions  of  time  and  space.  So  that  such  a  body 
might  be  considered  as  moving  in  the  circumference  of  a  polygon 
having  an  infinite  number  of  sides. 

99.  In  the  case  of  a  body  moving  over  a  curved  surface  and  in 
contact  with  it,  there  must  be  a  certain  pressure  of  the  body  on 
the  surface  over  which  it  passes,  and  a  corresponding  resistance, 
or  pressure  on  the  body,  in  every  instant  of  its  progress.  Now 
this  pressure  shows  the  degree  of  force  to  which  the  continual  va- 
riation of  direction,  or  deflection  of  the  moving  body  is  to  be  attri- 
buted. Suppose  a  leaden  bullet,  or  a  billiard-ball  to  be  made  to 
move  round  within  a  hoop  laid  fiat  on  a  table  or  any  level  surface, 
it  w.oold  obviously  press  against  the  inside  of  the  hoop,  thus  ma- 

Hov  are  the  forces  which  impel  a  revolving  body  supposed  to  vary  I 

Into  what  figure  may  we  conceive  the  circle  to  be  tqmAn^^^ 

How  would  B  bodytporing  within  a  curved  sorCaQeYie  «!fiecJU^^VQ  \V\ 


56  MECItAKICS. 

nifesting  a  constant  tendency  to  escape  from  the  circle  in  whidl 
it  was  moving,  and  only  withheld  by  the  counterpressure,  or  re- 
sistance of  the  hoop.  If  then  the  hoop  were  suddenly  lifted  while 
the  ball  was  passea  round  within  it,  tne  circular  motion  would  no 
longer  be  continued ;  but  the  ball  would  fly  off  in  a  right  line 
firom  the  point  where  it  was  set  at  liberty.  The  force  operating 
on  the  moving  body  in  this  case  would  be  precisely  similar  to  that 
which  would  propel  forwards  a  stone  discharged  irom  a  sling,  on 
letting  go  the  cord  which  retained  it  during  the  previous  circular 
motion  or  whirling,  whence  it  would  acquire  its  subsequent  ve- 
locity. 

100.  The  forces  which  act  on  bodies  revolving  in  circles  or 
other  orbits  may  be  regarded  as  antagonist  powers,  one  of  which 
perpetually  impels  the  moving  body  m  a  right  line  from  the  cen- 
tre of  motion,  and  the  other  draws  it  towards  that  centre ;  and  by 
the  joint  action  of  these  forces  curvilinear  motion  is  produced. 
Tlie  former,  or  the  repellant  power,  is  named  centrifugal  force,  or 
force  causing  bodies  to  fly  from  a  centre;  and  the  latter  is  styled 
centripetal  force,  or  that  which  attracts  moving  bodies  towards  the 
centre  of  motion. 

101.  These  opposing  forces  have  also  received  the  common  ap- 
pellation of  central  forces.  It  may  be  here  observed  that  the  line 
m  which  a  body  will  move,  on  escaping  from  the  circle  around 
which  it  must  have  been  previously  whirled,  will  always  form  a 
tangent  to  that  circle,  or  in  other  words,  it  will  extend  in  a  direc- 
tion perpendicular  to  another  line  drawn  from  the  centre  of  the 
circle  to  the  point  of  escape.  Hence  this  force  has  been  sometimes 
called  a  tangential  force ;  but  its  usual  appellation  is  that  of  cen- 
trifugal force. 

102.  These  forces  must  necessarily  differ  in  degree  according 
to  circumstances,-— such  as  the  mass  of  the  moving  body,  the  ex- 
tent^ of  the  circle  in  which  it  may  move,  and  the  velocity  of  its 
motion. 

Thus  a  ball,  B,  of  two  pounds  weight, 
would  require  a  greater  centrifugal  force  to 
make  it  revolve  round  the  circle  A,  in  any 
given  time,  than  another  ball  weighing  otily 
one  pound.  The  extent  of  a  circle  is  to  be 
estimated  by  its  radius,  or  the  line  O  B, 
passing  from  its  centre  to  seme  point  in  its 
circumference,  and  consequently  always 
equal  to  half  the  diameter.     Now  the  centrifugal  force  or  pres- 

What  line  would  such  a  body  describe,  if  suddeuly  relieved  from  the 
confinement  of  the  curved  surface  ? 

How  may  we  explain  the  motion  of  a  stone  discharged  from  a  sling? 

What  is  meant  by  the  terms  centrifuffol  And  cerUripetaJ,  as  applied  to 
forces  ?  What  common  appellation  is  applied  to  them  ?  When  a  body 
escapes  from  the  influence  of  its  centripetal  force,  what  will  be  the  line 
of  its  subsequent  path  ?    What  is  signified  by  the  term  tangetUial  fnxef 

By  what  circumstances  are  central  forces  caused  to  vary  their  inteiiF 
Mitjr ?    ^^jm^lify  the  principles  ap\iil\caUe  lo  X\\\%  ^mV.«.<CLOTi. 
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mae  most  increase,  as  the  radius  of  the  curre  in  which  a  body 
mores  increases.  In  a  circle  the  same  radius  will  apply  to  eveij 
part ;  but  if  a  body  should  move  in  any  other  curre,  as  an  el- 
lipse, the  degree  of  cunrature,  and  consequently  the  length  of 
the  radius,  wSl  differ  in  different  parts.  Hence  the  expression, 
radius  of  curvature,  has  been  usea  to  denote  the  line  which  may 
be  drawn  from  the  centre  of  motion  to  any  riren  point  of  the 
eurre  described  hj  a  reTolvinf  body.  The  Telocity  of  lewolfiDg 
bodies  may  be  estimated  by  the  actual  space  passed  throuflrh  in  a 
given  time,  or  by  reference  to  the  time  m  which  any  such  body 
would  pass  from  one  point  in  the  circuit  in  which  it  moved  to  an- 
other point.  These  distances,  being  measured  by  the  anele  form- 
ed by  lines  drawn  from  the  centre  of  motion  to  the  points  Just 
mentioned,  the  velocity  indicated  may  be  styled  the  angular  ve* 
locity  of  the  moving  body. 

103.  The  amount  of  centrifii^l  force  in  different  circumstances 
may  be  experimentally  determined  by  means  of  a  machine  called 
a  whirling  table,  which  is  so  constructed  that  different  weights 
may  be  whirled  at  any  ffiven  distance  from  the  centre  of  motion^ 
and  with  any  required  degrees  of  velocity ;  and  the  measure  of 
the  centrifugal  force  expended  is  obtained  by  causing  the  revolving 
weights,  by  their  rotatory  motion,  to  draw  up  other  weights,  whicE 
are  suspended  freeljr;  and  thus  the  effect  of  oentrifugral  force  may  be 
ascertained  in  a  satisfactory  manner.  From  the  results  of  experi 
ments  with  the  whirling  table,  it  appears,  that  the  centriragal 
force  will  increase  as  ttie  mass  of  the  moving  body  increases  ^ 
that  the  centrifugal  force  will  be  doubled,  other  circumstances  re- 
maining the  same,  if  &e  radius  or  curvature  be  doubled ;  that  if 
the  radius  of  curvature  remain  the  same,  and  the  angular  velocity 
be  doubled,  the  centrifugal  force  will  be  (|uad]rupled ;  and  that  u 
equal  masses  be  made  to  revolve  within  circles,  the  radii  of 
which  are  as  9  to  8,  and  witii  angular  velocities  as  1  to  2,  the 
centrifugal  force  will  be  as  3  to  12,  or  as  1  to  6.  Hence  it  ap- 
pears that  the  centrifugal  force  increases  in  direct  proportion  to 
the  mass  of  the  moving  body,  and  to  the  distance  from  the  cen- 
tre of  motion,  and  also  as  the  S€|uare  of  the  angular  velocity. 
Thus  :>— the  radius  of  the  circle  bemff  2 — ^the  angular  velocity  1, 
the  square  of  which  is  1 — ^the  centritugal  force  will  be  the  pro- 
duct, Sx  1«b3  ;  the  radius  of  the  circle  bein^  3 — ^the  angular  ve- 
loci^  9,  the  square  of  which  is  4 — ^the  centnfugal  force  will  be 
the  product,  3x43»12;  thus,  as  above,  the  centrifugal  force  in 
the  oifferent  cases  would  be  as  2  to  12. 

Wlwt  U  meant  bj  radiaa  of  oarvatare  * 

In  how  many  ways  may  the  velocity  of  a  reToWing  body  be  eitimated  t 

What  ia  meant  by  angvlar  velocity? 

What  apparatas  is  employed  to  demonstrate  the  laws  of  centrifugal 
forees? 

What  relation  hare  these  forces  to  the  masses  of  the  reTolTinrbodieji? 
What  rdatioD  to  the  radius  of  cunratare  ?  What  to  the  anroiar  reUi- 
9^f 
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104.  In  order  to  obtain  the  amount  of  centriingal  force  at  floj 
given  point,  the  square  of  the  number  of  feet  expressinff  the  an* 

fular  velocity  in  one  second  of  time  must  be  divided  by  Uie  nom- 
er  of  feet  denoting  the  radius  of  curvature,  and  the  quotient  will 
five  the  centrifum  force,  as  estimated  by  the  number  of  feet  a 
ody  impelled  by  it  would  describe  in  one  second.  Thus,  a  sling, 
two  feet  long,  circling  vertically,  with  the  velocity  of  eight  feet 
each  second,  would  communicate  to  a  stone  a  centrifugal  foice 
equal  to  thirty-two  feet  in  a  second,  which  would  be  the  final  ve- 
locity of  a  body  falling  during  one  second,  and  the  centrifugal 
force  therefore  would  be  just  sufficient  to  counteract  the  influence 
of  gravitation,  and  enable  the  sling  to  support  its  load.  If  the 
motion  of  the  sling  were  accelerated  so  as  to  perform  a  complete 
revolution  in  one  second,  the  tension  of  the  string  would  uphold 
the  stone  with  a  force  2^  times  greater  than  the  attraction  of  gra- 
vitation. 

105.  An  amusing  experiment,  illustrative  of  the  influence  of 
centrifugal  force  in  overcoming  that  of  gravitation,  may  be  per- 
formed by  placing  a  tumbler  filled  with  water,  in  a  sling,  or  fix- 
ing it  upright  in  the  bottom  of  a  net,  when  it  may  be  whirled 
round  wiUi  such  velocity  that  not  a  drop  of  the  water  will  be 
spilled,  though  Uie  mouth  of  Uie  glass  will  be  turned  downwards 
during  apart  of  each  revolution. 

106.  Tlie  centrifugal  force  at  the  equator  may  be  computed  by 
taking  the  time  of  one  diurnal  revolutionz=86,164  seconds,  the 
equatorial  radius  of  the  earth=20,921,185  feet,  and  the  ratio  of 
the  earth's  circumference  to  its  diameter=3.14159:l.  Then 
4x3.141592X20,921,185-7-86,1643=0.1,112,259,  which  is  the 
centrifugal  force  at  the  equator.  Now  as  the  actual  force  of  era- 
vitation,  determined  by  experiments,  the  nature  of  which  will  be 
subsequently  described,  is,  32.08818 ;  and  therefore,  it  the  earth 
were  at  rest,  it  would  be  32.08818+0.1,112,259=32.1,994,059, 
it  follows  that  the  centrifugal  force  at  the  equator  is  to  the  force 
of  gravity  in  the  proportion  of  the  numbers  0.1,113,359  to 
32.1,994,059,  or  nearly  as  1  to  289.  So  that  the  force  of  gravita- 
tion is  289  times  greater  than  the  centrifugal  force,  at  those  |>art8 
of  the  earth's  surface  where  the  action  of  the  latter  is  most  pow- 
erful. 

107.  Now  since  289  is  the  square  of  17,  it  will  follow  that  if 
the  diurnal  revolution  of  the  earth  had  been  completed  in  one- 
seventeenth  part  of  the  time,  which  it  now  takes  up ;  that  is,  had 

How  may  we  obtain  the  amount  of  centrifugal  force  at  any  g^ven  point  ? 

How  may  we  compare  centrifugal  force  with  that  of  gravitation  ? 

How  may  it  be  familiarly  shown,  that  Uiis  force  is  often  auperior  to 
that  of  gravitation  ? 

How  may  we  compote  the  centrifugal  force  of  the  earth  at  the  equator? 

What  is  the  actual  force  of  gravitation  there,  as  determined  by  experi* 
ment  ?  What  is  the  amount  of  centrifugal  force,  and  by  how  many  timet 
does  the  former  exceed  the  latter  ? 

How  much  must  the  velocity  of  the  earth's  revolution  be  inereated,  Ir 
^rder  thht  bodies  at  the  equator  should  lose  all  their  weight? 
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tbe  eardi  tevolTed  on  her  axis  in  eighty-four  mlnates,  instead  of 
nearly  twenty-four  hours,  the  centrifusal  force  would  have  coun- 
teracted that  of  gravitation,  and  all  bodies  would  have  been  abso- 
lutely destitute  of  weight ;  and  if  the  centrifugal  force  were  further 
augmented,  the  earth  revolving  in  less  time  than  eighty-four 
minutes,  gravitation  would  be  completely  overpowered,  and  all 
fluids  and  loose  substances  near  the  equinoctial  line  would  fly  off 
from  the  surface. 

106.  Among  the  abundant  examples  of  the  effects  of  centrifu- 
gal forces  that  nu^t  easily  be  adduced,  a  few  may  here  be  no- 
ticed, in  addition  to  those  sdready  given.  The  astonishing  power 
of  this  force,  even  when  exerted  on  a  small  scale,  appears  from 
its  destructive  influence  on  hard  solid  bodies ;  as  when  grindstones 
are  whirled  about  with  extraordinary  velocity  in  our  manufacto- 
ries, they  will  sometimes  split,  and  pieces  fly  off  with  amazing 
force.  The  more  regulated,  but  no  less  powerful  operation  of 
centrifugal  force  may  be  observed  in  some  parts  of  the  machinery 
employ^  in  certain  branches  of  the  arts:  as  in  the  fly-wheel 
which  regulates  the  motion  of  a  steam-engine,  and  in  the  coining- 

Sress ;  but  these  and  other  modifications  of  mechanical  power  will 
e  noticed  elsewhere.  Semifluid  and  soft  but  tenacious  sub- 
stances, under  the  influence  of  centrifugal  force,  assume  in  a 
greater  or  less  degree  the  form  of  a  compressed  globe ;  and  thus 
a  rudely-shaped  ball  of  clay,  placed  on  a  potter's  wheel,  with  the 
assistance  of  gentle  pressure  while  in  the  state  of  revolution,  gradu- 
ally acquires  a  symmetrical  fonn ;  and  globular  glass  vessels  owe 
their  figure  to  the  analogous  manipulations  of  the  glass-blower. 
Liquids  exposed  to  a  wiiirling  motion  are  similarly  affected  ;  as 
may  be  perceived  if  a  glass  of  water  be  suspended  by  threads, 
and  made  to  turn  with  great  velocity  by  the  twisting  and  untwists 
ing  of  the  threads,  when  the  water  would  sink  in  the  centre,  and 
rise  on  the  sides  so  as  to  escape  in  part  over  the  edge  of  the  ^lass. 
In  all  cases  centrifugal  force  tends  to  make  bodies  under  its  influ- 
ence recede  from  a  central  point,  and  when  it  acts  in  conjunction 
with  a  centripetal  force,  the  effect  will  be  revolving  motion, 
whether  those  powers  be  exerted  in  keeping  a  peg-top,  or  a  tee- 
totum spinning  on  a  floor  or  table,  for  a  few  minutes ;  or  in  caus- 
ing the  vast  globe  which  we  inhabit  to  revolve  with  undiminished 
energy  through  countless  ages. 

Oscillation  of  the  Pendulum, 

109.  Oscillation  or  vibration  is  a  peculiar  kind  of  curvilinear 
motion,  depending  on  .the  influence  of  ^vitative  attraction,  and 
it  not  only  affords  the  means  for  ascertaining  the  variation  of  the 
force  of  gravitation  in  different  latitudes,  but  likewise  furnishes 

Give  some  examples  of  the  effects  observed  to  result  from  centrifugal 
foree. 
Whfll  is  meant  by  oseJUation  ? 
To  vrbat pari>o9e9  ia  science  nod  arts  U  it  «(({!il«iftAft) 
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the  mo6t  accurate  method  for  measuring  time,  and  leads  to  Yui> 
OU8  important  results  in  the  inTestigation  of  many  natural  phem^ 
mena. 

110.  When  any  heavy  bod^  is  suspended  by  a  string  or  small 
wire,  it  will  take  a  direction  in  a  line  vertical  to  that  point  of  the 
earth's  surface  oyer  which  it  hangs,  as  in  the  case  of  the  plumb-line 
of  a  mason's  level  when  placed  on  a  horizontal  plane.  Now  the 
laws  of  oscillation  are  those  which  would  regulate  the  motion  of  a 
body  thus  suspended,  if  dravm  aside  from  the  vertical  line  in  which 
it  would  rest,  and  then  let  go  and  suffered  to  oscillate  or  swing  for- 
wards and  backwards  undisturbed.  In  treating  this  subject  it  will 
be  most  convenient  to  consider  the  phenomena  of  oscillatory  mo- 
tion simply  and  independently  of  the  effects  of  the  resistance  of 
the  air,  the  friction  of  the  suspending  line  on  the  point  of  suspen- 
sion, and  the  varying  extension  of  that  line ;  all  which  it  is  obvioni 
would  affect  the  results  of  actual  experiments,  and  would  therefinre 
require  attention  in  making  calculations  founded  on  them. 

111.  Suppose  A  B  to  represent  a  pendu- 
lum at  rest  m  the  vertical  position,  if  it  be 
then  drawn  from  B  to  C  and  let  fall,  it  will 
return  to  B,  with  an  accelerated  motioii« 
which,  however,  will  not  be  uniformly  ac- 
celerated, since  it  must  depend  partly  on 
the  gravitation  of  the  pendulum  towards 
^  the  earth,  which  acting  alone  would  cause 
d  b  it  to  fall  perpendicularly  from  the  point  G, 

•"^  ©  ^    but  which  being  modified  by  the  tension  of 

the  line,  it  is  ^jrced  to  describe  the  arc  G 
B.  Now  at  B  the  direct  power  of  gravitation  will  be  not  merely 
modified  but  destroyed,  for  the  line  being  stretched  to  its  full 
extent  would  prevent  any  further  descending  motion;  but  when 
arrived  at  B,  the  pendulum  would  have  acquired  a  certain  degree 
of  velocity  during  its  previous  descent,  which  would  be  just  suffi- 
cient to  overcome  the  force  of  gravity  tending  to  retain  it  at  the 
point  B,  and  make  it  move  forward  from  that  point  to  D,  with  a 
retarding  velocity,  which  would  there  be  entirely  expended;  and 
since  the  pendulum  at  D  would  be  in  a  situation  exactly  correspond- 
ing with  that  in  which  it  was  placed  at  C,  it  must  again  describe 
the  same  arc  D  B  C,  but  in  a  retrograde  direction,  first  with  a 
gradually  accelerated  velocity,  and  then  with  a  velocity  progres- 
sively retarded.  Thus,  but  mr  the  obstacles  already  mentioned, 
and  the  wear  and  tear  of  materials,  a  pendulum,  once  put  in  a 
state  of  vibration,  would  go  on  regularly  oscillating  for  ever. 

112.  The  vibrations  of  any  one  pendulum  will  be  described  iB 
equal  times  whatever  be  the  extent  of  the  arc  through  which  it 
moves,  provided  that  arc  do  not  exceed  a  certain  limit. 

What  circumstances  affect  the  results  of  experiments  on  oscillation  ? 
What  forces  combine  to  prfuluoe  otciUatOry  motion  ?    What  caiuei 
the  MsceadiDg  ptirt  ^  4n  vscilUtitm  ? 


NATUHE  OF  OBCnXATORY  MOTIOir.  61 

Thus  when  the  Tibration  of  a  pendQliun 
is  progrressiyely  weakened  by  the  resiat- 
ance  of  the  air,  erery  ancceeding  arc 
paaaed  through  will  be  leaa  than  the  fore- 
ffoing;  and  yet  it  will  be  foond  that  though 
me  pendnlnm  moves  slower  and  slower 
continoally,  there  will  be  but  little  dif- 
ference in  the  time  taken  np  by  the  ball 
in  moving  from  6  to  5,  4  to  4,  &c.,  on 
each  side  of  the  line  A  B,  till  it  stops 
entirely.  It  is  this  remarkable  property 
•*  of  the  pendulum  that  makes  it  so  useful 

measure  of  time ;  and  clocks,  or  time-keepers,  regulated  by  a 
lulum,  are  nothing  more  than  trains  of  wheel-work  kept  in 
on  by  wei^ts,  and  so  arranged  as  to  register  the  beats  of 
Luloms  which  oscillate  secoiSs.  This  equality  of  vibration 
odUes  in  certain  curves  was  discovered  b3r  Galileo,  whose 
ition  is  said  to  have  been  excited  by  remaikinff  the  motion  of 
aadelier  hanging  from  the  ceiling  of  a  church  at  Pisa ;  for, 
sing  that  it  moved  with  uniformity  as  to  time,  independent  of 
woace  passed  through,  he  was  induced  to  make  experiments, 
cft  established  what  has  been  termed  the  law  of  Isochronism, 
quality  of  time.*  ^ 

13.  As  it  is  only  when  oscillating  in  very  small  arcs  of  circles  that 
luloms  preserve  this  regularity  of  vibration,  it  became  a  sub- 

of  inquiry  among  philosophers  whether  a  curve  could  not  be 
id  in  which  the  isochronism  of  a  pendulum  would  be  perfect; 
such  a  curve  was  discovered  by  the  celebrated  Dutch  mathe- 
ieian,  Huygens,  the  contemporary  of  Newton.  It  has  been 
ed  a  cycloid,f  and  from  ita  property  an  isochronal  curve,  and 
ffers  little  fr<»n  an  arc  of  a  circle,  except  in  rising  somewhat 
a  abruptly  at  each  extremity.  But  it  is  the  less  necessary  to 
r  into  any  further  description  of  its  nature  and  properties,  as 
IS  been  found  after  all  to  be  less  adapted  for  practical  purposes 
L  small  circular  arcs,  in  which  therefore  the  pendulums  of  time- 
Mrs  are  made  to  oscillate. 

14.  Tlie  vibrating  weight  of  a  pendulum  does  not  influence  its 
ion ;  for  whether  a  great  or  a  small  weight  be  affixed  to  a 
ating  line,  its  oscillations  ¥rill  be  similar,  provided  the  length 
le  line,  measured  from  the  point  of  suspension  to  the  centre 
icillation,  remains  the  same.    Sir  Isaac  Newton  made  experi- 

Imlt  i«  meant  by  the  isoehronism  of  oieilUtiont  ?    By  whom  was  this, 
aeter  discovered  ? 

what  form  of  curve  must  osoillations  be  performed,  in  order  to  be 
ironnos? 

Iiat  infloenee  has  the  weight  of  a  pendulum  on  the  time  of  its  oscil- 
n? 

Prom  the  Greek  i«o(y  eqoal,  and  Xp»v«f ,  time. 
Pkrom  tbe  Oreek  KvHXog,  a  cirele,  and  Z^Uu  ^  T«iiaiii^\i.«nt. 
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ments  on  a  great  yariety  of  substances,  as  metals,  stones,  wooits, 
salts,  portions  of  flesh,  &c.,  whence  he  ascertained  that  how 
creaily  soeyer  they  might  differ  in  weight,  the  addition  of  an]r  of 
Siem  to  a  pendulum  would  not  interfere  with  its  rate  of  oscillaaon, 
so  long  as  its  length  remained  unaltered.  Thus,  as  heavy  bodies 
and  light  ones  would  fall  to  the  earth,  through  a  giren  space,  in 
the  same  time,  but  for  the  resistance  of  the  air,  so  they  would  be 
found  to  yibrate  in  equal  times  at  the  end  of  a  line  of  a  given 
length,  provided  atmospherical  resistance  could  be  made  to  act  CH 
them  in  the  same  manner,  or  be  entirely  excluded,  as  by  inclosing 
the  vibrating  bodies  in  an  exhausted  receiver. 

1 15.  It  is  on  the  lensth  of  the  pendulum  that  the  rate  of  osdlla- 
tion  principally  depends;  that  is,  the  greater  the  distance  between 
the  point  of  suspension  and  the  point  of  oscillation,  the  longer  will 
be  the  period  of  each  vibration ;  and  on  the  contrary,  the  shorter 
that  distance,  the  quicker  will  the  vibrations  take  place*  Now, 
as  gravitation  is  the  power  on  which  oscillatory  motion  depends, 
so  the  same  law  that  regulates  its  operation  on  fidling  bodies  is 
observable  in  its  action  on  oscillating  bodies :  for  as  the  intensity 
of  gravitative  force  decreases  as  the  sc^uares  of  the  increasing  dis- 
tances of  bodies,  thus  the  time  of  a  vibration  will  increase  as  the 
square  root  of  the  length  of  the  pendulum,  or  the  distance  fiem 
the  point  of  suspension  to  the  point  of  oscillation,  increasea*  If 
tiien  a  pendulum  1  yard  in  length,  would  make  one  vibration  in 
one  second,  a  pendmum  i  of  a  3rard  long  would  vibrate  half 
seconds,  one  4  jrards  long,  would  vibrate  once  in  two  seconds, 
one  9  yards  long,  in  three  sec<mds,  and  so  on ;  for  ^  is  the  sqiiare 
root  of  i,  2  of  4,  3  of  9,  &c. 

116.  But  in  order  to  obtain  the  absolute  length  of-  a  pendnlom 
that  would  swing  seconds,  it  is  necessary  to  toke  into  consideia- 
tion  the  intensity  of  gravitation,  which,  as  already  stated,  Tvies 
at  different  parts  of  the  earth's  surface,  depending  on  their  rela- 
tive distance  from  the  centre  of  gravitative  attraction.  Hie 
greater  the  intensity  of  gravitation  at  any  place,  so  moch'  the 
quicker  will  be  the  vibrations  of  a  pendulum  of  a  given  length : 
80  that  a  pendulum  which  would  oscillate  seconds  at  London  would 
perform  each  of  its  oscillations  in  somewhat  less  than  a  second,  if 
It  could  be  removed  to  the  north  pole ;  and  on  the  contrary,  woold 
Uike  up  more  than  a  second  in  one  vibration  under  the  equinoctial 
line. 

117.  The  intensity  of  gravitation  at  any  given  point  ol  the 
earth's  surface  thus  corresponding  with  the  vibrations  of  a  pendu- 
lum of  a  given  length,  it  follows  that  if  the  intensity  of  gravitap 

What  resemblance  in  this  respect  has  the  pendulum  to  bodies  falling 
freely  ? 

On  what  circumstance  in  a  pendulum  does  the  time  of  its  oscillations 
depend  ?  Between  what  two  points  is  the  true  length  of  a  pendulum  to 
be  taken  ?    Illustrate  the  law  of  its  motion  hj  an  example. 

What  local  circurastaiiee  must  be  taken  iulo  Niew  lu  obtskluUi^  the  ab- 
§olute  lenifth  of  a  pendulum  ? 
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tion  at  any  olace,  as  estimated  by  the  space  which  a  body  falling 
freely  woula  describe  in  any  time,  as  one  second,  be  known,  the 
leng&i  of  a  pendulum,  which  would  vibrate  seconds  at  that  place, 
may  be  ascertained  by  computation.  For  since  the  time  of  yibra- 
tion  is  to  the  time  of  descent  through  half  the  lengrth  of  the  pendu- 
lum, as  the  circumference  of  a  circle  to  its  diameter,  that  is,  as 
3.14169  to  1,  let  the  time  of  vibration  be  1  second,  then  the  length 
of  the  pendulum  may  be  thus  found :  the  time  of  descent  of  a 
body  during  1  second,  in  the  latitude  of  London,  by  the  influence 
of  gravitation,  has  been  already  stated  to  be  about  1 6  1-12  feet,  or  193 
inches ;  and  since  the  spaces  of  descent  are  as  the  squares  of  the 

tunes,  therefore  3.14159a  :  1^  : :  193  :  19.0625=19  l-16=half  the 
lengtii  of  the  pendulum,  which  must  therefore  be  19  1-I6x2«339| 
inches. 

118.  In  order  to  determine  the  length  of  a  second's  pendulum 
by  experiment,  a  pendulum  of  a  known  length  must  be  made  to 
oscillate  for  a  certain  time,  as  one  hour;  then  the  square  root  of 
its  length  will  be  to  the  square  root  of  the  length  of  the  required 
pendimim,  inversely,  as  the  number  of  vibrations  performed  in 
an  hour,  by  the  pendulum  which  has  been  the  subject  of  the 
experiment,  to  the  number  of  seconds  in  one  hour.  Thus,  if  in 
any  latitude  it  could  be  ascertained  that  a  pendulum  9  yards  in 
length  oscillated  1200  times  in  an  hour,  then  as  the  number  of 
oscillations,  1200,  to  the  square  root  of  the  pendulum,  3,  the 
square  root  of  9,  so  inversely  would  3600,  the  number  of  oscillsr 
tions  required  to  be  performed  by  the  seconds  pendulum,  be  to 
the  square  root  of  its  length :  that  is,  as  3600  :  3  : :  1200  :  1 ; 
since  1200x3-^3600=^1,  the  square  of  which  would  be  1; 
therefore  a  pendulum  1  yard  long  would  swin?  seconds  in  any 
place  where  a  pendulum  9  yards  in  length  womd  make  but  1200 
vibrations  in  an  hour. 

119.  It  vnll  be  obvious,  from  what  has  been  already  stated, 
relatiYe  to  the  effect  of  friction,  atmospheric  resistance,  and  the 
extensibility  of  the  line  of  suspension  of  a  pendulum,  that  a  mul- 
titude of  precautions  would  be  requisite  in  making  direct  experi- 
ments on  the  lengths  of  pendulums,  with  reference  to  the  times  of 
vibration  at  any  given  place.  Dr.  Halley,  in  the  early  part  of 
the  last  century,  estimated  the  length  of  a  second's  pendulum  at 
39.195  inches,  =  39i  inches;  and  that  estimate  has  been  general- 
ly adopted,  as  sufficiently  correct  for  practical  purposes.  From 
the  most  recent  and  accurate  researches  of  men  of  science,  it 
appears  that  the  length  of  a  pendulum  which  oscillates  seconds, 
m  vacuo,  at  the  mean  temperature  of  62  degrees  of  Fahrenheit's 
thermometer,  in  the  latitude  of  London,  51°  31'  8^'  N.,  must  be 
39.13929  inches :   and  as  the  further  result  of  experimental  inves- 

Bj  what  proportion  may  we  find  the  length  of  a  second's  pendulum, 
when  wc  know  the  intensity  of  gravitation  ? 

How  may  that  length  be  ascertained  by  experiment  ? 

State  lome  of  the  lengths  actually  found  necenaT^  \yi  ^xCewoX^xVv 
of  the  ettrA,  in  order  to  prodqoe  the  lame  nniabeT  q(  \)^\»'^T>ft»<Wx 
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titration,  it  may  be  added  that  at  Melville  Island,  in  the  Polar  Sea, 
Lat.  74^  47'  W  N.,  ^e  lenflrth  must  be  39.307  inches ;  at  the 
Galapagos  Islands,  Lat.  89^  N.,  39.01719  inches;  and  at  Rio 
Jane&o,  Lat.  83''  56^  S.,  39.01306  inches.* 

ISO.  As  the  force  or  intensity  of  graritation  decreases  as  the 
distance  from  the  earth's  centre  increases,  it  follows  that  a  pendu- 
lum, which  would  oscillate  seconds  at  the  bottom  of  a  moontain 
one  mile  in  perpendicular  height,  would  not  perform  so  many 
complete  oscillations  as  there  are  seconds  in  an  hour,  if  removed 
to  the  top  of  the  mountain.  Suppose  the  radius  of  the  earth's 
circumference  to  be  4000  miles,  as  a  second's  pendulum  would  at 
that  distance  from  the  centre  of  attraction  Tibrate  3600  times  in 
an  hour,  and  therefore  86400 »  3600  X  84  in  a  da^r,  it  follows  that 
it  would  lose  the  4000th  part  of  86400  seconds  in  a  day,  at  tiw 
distance  of  4001  miles  from  the  earth's  centre.  Now  86400-r 
4000  ==31.6,  that  is,  the  loss  would  be  81.6  seconds  in  a  day. 

131.  The  length  of  a  pendulum  vibrating  seconds  being  known, 
that  of  one  which  will  vibrate  half  seconds,  like  those  in  most 
table  clocks,  or  any  other  portion  of  time,  may  be  readily  calen- 
lated.  For  the  times  of  vibration  being  as  the  square  roots  of  the 
length  of  the  pendulum,  hence,  as  one  second  to  6.355,  the  squan 
root  of  39.135,  so  will  half  a  second  be  to  the  square  root  or  the 
pendulum  reauired ;  that  is  as  1  :  6.355  : :  0.5  :  3.1375,  the  sqnaia 
of  which  will  be  9.78.  But  the  length  of  the  half  seconds,  or  any 
other  pendulum,  may  be  also  found  by  taking  the  squares  of  ths 
times,  which  will  be  directly  as  the  (engths  of  the  pendulums  $ 
thus  a8(l  =  12)8ec. :  39.135  :  :(.35»i')8ec.:  9.78,  as  before,  or 
9.7  inches,  the  length  of  a  half  second's  pendulum. 

133.  A  pendulum  may  be  so  constructed  as  to  have  its  oentie 
of  oscillation  far  beyond  the  limits  of  its  actual  dimensions ;  and 

thus  a  pendulum  only  one  foot  in  length,  may  be 
made  to  oscillate  as  slowly  as  anoSier  18  leet 
long.  Suppose  a  rod  of  iron,  A  B,  to  be  loaded 
at  both  ends,  and  suspended  at  C,  so  that  it 
might  vibrate  freel^p^,  it  is  manifest  that  thouffh 
the  arc  described  in  each  vibration  would  be 
limited  by  the  length  measured  from  the  point 
of  suspension,  the  velocity  of  the  ball  B,  would 
be  checked  by  the  counterweight  of  the  ball  A, 
and  the  latter  being  moveable  on  the  rod,  the 
rate  of  vibration  might  be  regulated  at  pleasure. 

What  woald  be  the  effect  on  the  rate  of  a  clock,  of  carrying  it  to  the 
top  of  a  high  inoantain  f    Why  ? 

How  may  we  calculate  the  tme  leneth  of  penduhiint  to  vibrate  ip 
other  times  than  tecondt,  when  that  of  the  latter  is  known  ? 

How  may  the  centre  of  oscillation  be  earned  beyond  the  limits  of  a 
pendulum  r  Will  this  increase  or  diminish  the  number  of  its  oaeiDsi* 
tions  in  a  given  time  ? 

*  See  Abstracts  of  Papers  printed  in  the  Philosophical  Tranwetl'MHu 
^om  1800  to  t$30,  vol.  Ii.  p.  lU,  and  ^.IH. 
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An  iostmmeDt  of  this  kind,  called  a  Metronome,  is  need  to  tnarfef 
by  its  oscillations,  the  time  in  performing  pieces  of  music. 

123.  A  I'od  of  uniform  dimensions  might  be  made  to  vibrate  80 
a  pendulum,  vdthout  any  ball  or  appendage  whatever ;  but  in  that 
case  the  centre  of  oscillation  would  be  raised,  and  such  a  pendo* 
lum  must  consequently  be  longer  than  oQe  of  the  usual  form.  In 
a  uniformly  shaped  rod  or  bar  suspended  at  one  extremity  so  that 
it  might  vibrate  freely,  the  centre  of  oscillation  would  be  at  two- 
thirds  of  the  distance  between  the  point  of  suspension  and  the 
other  extremity  of  the  rod.  Force  applied  at  that  part  to  arrest 
the  motion  of  the  rod  would  take  complete  effect,  but  at  any  other 
part  a  stroke  would  cause  a  tremour  or  irregular  action  of  the 
moving  body.  Hence  this  point  has  been  called  the  centre  of 
percussion.  In  using  a  weapon  of  considerable  length  and  nearly 
the  same  size  throughout,  as  a  cudgel  or  a  sabre,  the  most  effective 
stroke  would  be  when  the  point  of  impact  coincided  with  the  cen- 
tre of  percussion ;  the  situation  of  which  must  be  at  about  two- 
thirds  of  the  length  of  the  weapon,  its  exact  place  depending 
chiefly  on  the  relative  weight  of  that  extremity  with  which  the 
blow  is  inflicted. 

Centre  of  Gravity, 

124.  In  every  body  or  mass  of  matter  at  rest,  there  must  be  a 
certain  point,  in  the  direction  of  which,  any  force  acting  parallel 
to  the  surface  on  which  the  body  is  placed,  will  eitlicr  be  resisted 
by  the  weight  and  friction  of  the  mass,  so  as  to  produce  no  effect, 
or  if  it  be  sufficiently  powerful  to  overcome  the  resistance,  the 
body  will  move  in  the  direction  of  the  force  applied  ;  but  tlie  same 
force  acting  against  any  part  of  the  surface  of^the  mass,  not  hori- 
zontally nor  perpendicularly  opposite  to  the  point  already  men- 
tioned, may  cause  the  body  to  vibrate  or  be  overturned,  according 
to  circumstances.  This  point  is  commonly  called  the  centre  of 
gravity,  and  sometimes  the  centre  of  inertia ;  and  from  the  pro- 
perty just  stated  it  might  be  termed  the  point  of  greatest  resist- 
ance. 

125.  The  annexed  figure  will  serve  to  exemplify  the  phenome- 
non now  described.     Let  A  be  the  centre  of  gravity  of  a  solid 

body  with  a  hemispherical  base  resting  on  a 
horizontal  plane,  then  if  pressure  be  applied 
vertically  at  E,  it  is  manifest  that  it  can  pro- 
duce no  motion ;  but  if  applied  at  B,  directly 
opposite  to  the  centre  of  gravity,  its  effect  will 
depend  on  the  degree  of  force,  as  a  small  force 
will  be  destroyed  by  the  inertia  of  the  solid 

VHukt  substitute  might  be  employed  as  a  pendulum  instead  of  the  rod 
and  balls  ? 

Wliere  would  the  point  of  oscillation  of  such  a  pendulum  be  found  ? 

When  such  a  pendulum  is  to  be  suddenly  arrested,  where  must  the  re- 
sistance he  applied  ?    Describe  and  illustrate  the  centre  of  percussion  ? 

What  is  meant  by  the  terms  "centre  of  gravity,"  ceutce  oC  \w*ix\\x^» 
sod  **iyvtutoFgt'ealG8t  resistance,"  when  apv^ii^d  Vo  \^o^v«%>  '^'Wv^NaNse.'v 

F  2 
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rasisfl,  while  a  ffreftt  foree  will  be  partly  emplojred  in  eomiteraetiiig 
the  inertia,  and  partly  in  propelling  the  mass  steadily  aloi^  the 
level  plane.  Now  if  force  ne  applied  at  O  or  D,  or  any  other 
point  above  or  below  B,  it  will  have  some  effect,  however  incon- 
siderable, causing  the  body  to  rock  or  vibrate,  if  the  force  be 
small,  and  to  be  overturned  if  the  force  be  great. 

136.  The  centre  of  gravity  in  all  bodies  is  that  point  at  which 
the  influence  of  gravitation  seems  to  be  concentrated ;  and  hence, 
in  any  body,  umess  that  point  be  supported,  motion  will  take 
place,  and  be  continued  till  the  body  settles  in  a  position  in  which 
the  centre  of  gravity  cannot  sink  lower.  Therefore  when  no  ob- 
stacle is  opposed  to  the  motion  of  a  body,  either  by  its  peculiar 
figure  or  that  of  the  surface  beneath,  it  will  alvrays  take  such  a 
position  that  a  line  drawn  from  the  centre  of  gravity  to  the  pmnt 
where  the  body  comes  in  contact  with  the  sur&ce  below  it  will 
be  the  shortest  that  can  be  drawn  from  the  centre  to  any  part  of 
its  superfices.  Thus  an  oviform  body,  placed  as  in  the  annexed 
fi&rure,  would  not  stand  in  the  position  represented,  but  would  torn 
till  the  shorter  line,  A  C,  became  perpendicular  to  the  supporting 
surface,  instead  of  the  longer  line  A  B. 

137.  if  a  body  be  supported  from  above,  that 
is,  if  it  be  suspended  from  a  fixed  point,  hang^ 
ing  freely,  the  centre  of  grravi^  will  always 
settle  in  a  vertical  line  beneath  the  point  of 
suspension. 

128.  The  exact  situation  of  the  centre  of 
grravity  must  depend  partly  on  the  figure  and 
partly  on  the  uniform  or  varying  density  of  the  whole  mass  of  any 
body.  Suppose  a  body  to  be  of  uniform  density  throughout,  its 
centre  of  gravity  may  be  experimentally  ascertained  by  balancing 
it  on  the  edge  of  a  square  table,  in  two  positions,  when  the  lines 
of  equilibrium  will  intersect  each  other  at  a  point  over  the  centre 
of  gravity,  which  manifestly  must  be  in  the  centre  of  the  mass. 
A  body  of  small  dimensions  may  be  more  accurately  balanced  on 
the  edge  of  a  knife ;  or  if  the  body  can  be  conveniently  suspended, 
and  a  plumb-line  let  fall  from  me  point  of  suspension,  its  direc- 
tion being  traced  from  two  such  points,  will  be  found  to  intersect 
each  other  as  before,  at  a  point  on  the  superfices  which  will  indi- 
cate the  situation  of  the  centre  of  gravity.  If  a  body  varied  in  its 
density  in  different  parts,  and  possessed  considerable  thickness  in 
proportion  to  its  length  and  breadth,  holes  bored  through  the  mass 
m  directions  vertical  to  different  points  of  suspension,  would  meet 
at  the  centre  of  gravity  of  such  a  body. 

of  bodies  result  respectively  from  the  support,  and  from  the  want  of 
support  to  their  centres  of  gravity  f 

Of  what  comparative  length  will  a  line  be  found,  between  the  eeiitre  of 
gravity  of  a  body  and  the  point  of  its  superfices  on  which  it  rests? 

^Vhat  relative  positions  will  be  found  between  Uie  centre  of  gravllgr 
of  a  body  and  its  point  of  suspension  f 

On  what  two  circumstances  must  the  position  of  the  centre  of  grnvl^ 
depend/    How  can  its  sitoatien  be  me«b»i&«a\Vf  JkeXftttsAtubW 
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1S9.  When  the  denstft  j  of  a  body  is  unifonii  and  its  figure  regn* 
lar,  the  centpe  of  gravity  will  be  the  central  point  of  the  mass ;  as 
in  a  globe,  an  elliptical  or  oviform  spheroid,  or  a  parallelopiped. 
T^  sarfaee  of  a  triangle,  its  three  sides,  and  its  angular  points, 
will  all  hare  the  same  centre  of  gravity,  situated  at  two-thirds  61 
the  length  of  a  right  line  passing  from  the  vertex  of  the  triangle 
to  the  middle  of  £e  base  line.  The  centre  of  gravity  of  a  cone 
will  be  at  three^ourths  of  the  len^h  of  its  axis ;  and  that  of  a 

hemispherical  solid  at  five-ei^ts  of  the  radius. 
A  pyramid  and  its  four  terminating  points  will 
have  the  same  centre  of  gravity.  The  figure  of  ^ 
a  body  may  be  such  that  the  centre  of  inravity 
will  not  be  included  within  the  mass.  Thus  a 
hollow  cone,  as  a  common  extinguisher,  or  any 
body  of  similar  shape,  would  obviously  have 
its  centre  of  gravity  in  the  void  space  within 
it ;  and  so  woiud  a  basin-shaped  body  or  hollow 
hemisphere.  A  piece  of  wire  twisted  into  the  form  of  a  horse- 
shoe, or  of  a  hoop,  would  also  have  its  centre  of  gravity,  not  in 
the  wire,  but  in  the  open  space  within  it. 

130.  The  manner  in  which  the  centre  of  gravity  of  a  body, 
when  nnsnppoxted,  tends  towards  the  lowest  point  it  can  reach, 
may  be  illustrated  by  an  amusing  experiment,  made  with  a  piece 
of  wood  or  any  suitable  substance  turned  in  the  shape  of  a  double 
cone  united  at  the  base,  then  if  a  jointed  two-foot  rule  be  opened 
9.  little  way,  and  raised  at  the  open  end,  so  as  to  form  a  sort  of 

inclined  plane,  the  piece  of  wood  on 
being  placed  at  the  bottom  of  the 
plane,  will  roll  along  to  the  raised 
extremity  of  the  rule,  seeming  to 
ascend  the  inclined  plane,  passing 
as  in  the  annexed  figure,  from  A  to  B.  This  is,  however,  merely 
an  optical  deception,  for  the  centre  of  the  double  cone,  which 
must  be  its  centre  of  gravity,  really  sinks  lower  and  lower  be- 
tween the  sides  of  the  rule  as  it  advances  to  the  open  end. 

131.  A  somewhat  similar  experiment  with  an  inclined  plane, 
serves  to  show  the  eflfect  of  the  different  distribution  of  density  or 
weight,  in  different  parts  of  the  mcmng  body.  Suppose  a  cylinder 

to  be  made  of  light  wood  or  cork,  and  to  have  a 
plug  of  lead  passed  through  it  from  end  to  end, 
so  mat  its  centre  of  gravity  would  be  near  its 
surface :  if  then  it  were  placed  on  a  moderately 
inclined  plane  with  the  loaded  side  towards  the  ascent,  it  would  ne- 
cessarily turn  till  that  side  rested  on  the  plane ;  but  it  could  plainly 
move  no  further,  unless  replaced,  as  in  the  marginal  figure. 

Where  will  itbe  found  in  bodies  of  aniform  density  and  reguNr  figure  f 
How  can  yoa  aseertain  the  centre  of  gravity  in  a  triangle  ?  »  cone  ? 

a  henniphere  }  a  pyramid  ?    Does  the  centre  of  gravity  necessarily  fall 

within  tne  maM  otetery  figure  ? 
What  experiment  JJJosimfes  the  descent  of  the  eeixtve  ol  ^rviNVs  '"wVsvl 

nnaagfported/   Wbmt  one  ezhibiu  the  inflaenee  of  di%lnW\\«ii  o'i  4«ca\xV' 
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13S.  The  necessity  of  sapporting  the  centre  of  giatit^  in  etrety 
sitnatioh  appears  from  the  manner  in  which  we  move  m  the  act 
of  risingr  rtom  a  seat.  When  a  person  is  sitting  the  centre  of 
grayity  of  the  body  will  be  supported  hj  the  seat,  from  which  it 
will  be  impossible  to  rise  without  bending  the  body  forward  so 
as  to  bring  the  centre  of  gravity  oyer  the  feet,  preyiousl;]^  to  as- 
snming  the  erect  position ;  or  else  lifting  the  body  by  resttncr  the 
hands  on  the  back  or  sides  of  the  seat  or  some  other  point  ofsnp* 
port.  The  utter  incapability  of  locomotion  that  takes  place  when 
an  animal  is  so  situated  that  it  cannot  by  its  own  efforts  raise  the 
centre  of  grarity  of  its  body,  is  strongly  exemplified  in  the  case 
of  a  fat  sheep,  or  ewe  with  lamb,  which  has  been  so  unlucky  as 
to  lie  down  on  the  border  of  a  shallow  ditch  or  trench  in  a  field, 
and  roll  over  on  its  back  into  the  hollow,  where,  in  spite  of  its 
utmost  efforts,  it  would  lie  with  its  feet  in  the  air  till  it  perished 
with  hunger,  if  not  assisted  to  rise.  A  tortoise  thrown  on  its 
back  afforas  another  striking  example  of  the  same  kind ;  in  this 
manner  sea  turtle  are  captured  on  shore. 

133.  From  what  has  been  stated  it  is  evident  that  the  stability 
of  a  body  must  be  increased  by  lowering  its  centre  of  grayity* 
A  cylindrical  vessel  A  B,  suspended  by  a  handle 
turning  on  pivots  fixed  near  the  bottom,  would  in- 
evitably overset  when  empty,  as  the  centre  of  gravity 
C  would  then  be  above  the  points  of  suspension ; 
but  if  a  very  heavy  substance  as  quicksilver,  or 
steel-filings,  were  poured  into  it,  so  as  to  fill  it' to 
the  line  D  E,  the  centre  of  gravity  would  be  re- 
duced to  F,  and  the  vessel  mi^t  be  suspended  with 
safety.  Hence  it  may  be  perceived  why  vans  and  stage-coaches, 
if  heavily  loaded  at  tne  top,  will  be  very  liable  to  be  overturned, 
while  a  similar  or  greater  weight  placed  low  down  will  prove  a 

security  from  danger;  and  on  this 
principle  "  safety  coaches"  have  been 
constructed,  with  receptacles  for  heavy 
luggage  under  the  bodies  of  the  vehi- 
cles. 

134.  The  effect  of  placing  the 
centre  of  gravity  of  a  boay  in  a  very 
low  situation  is  shown  in  vibrating 
figures,  such  as  lliat  represented  in 
the  margin,  and  other  toys  for  the 
amusement  of  children,  formed  on 
similar  principles.  'Ilius  likewise  a 
long  stick  or  ruler,  placed  loosely  on 
a  bench  or  table,  wim  more  than  half 
its  length  projecting  beyond  the  edge  of  the  board,  may  be  made 

How  is  the  position  of  centre  of  graritj  illustrated  in  the  manner  of 
rising  from  a  seat  ?     How  is  its  importance  shown  in  the  positions  of 
animals  }    What  effect  on  the  ttabilily  oC  n  bod^  Vva%  \\»a  dewc^MvcMw  oC 
Mis  ceatre  of  gnvity  ?    What  familiar  avv^\«a^\OM  «»»>»«  tAW«^> 
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to  support  a  bucket  of  water  or  a  half  hundred  weifrbt  saspended 

y 1  on  it.    The  manner  in  which  this  is  e^ 

«       Y       ft  I,    '  ■    »     fected  will  be  easily  comprehended  from 

^y/  [^i'^'^   ^^  annexed  figiire,  in  which  let  A  B 

|1    n  rJB  represent  the  stick,  which  must  haye  a 

III  1H  notch  or  noose  at  the  end  B,  against  which 

*^  rests  another  stick  or  prop,  and  the  handle 

of  the  backet  bein^  suspended  by  a  string  from  the  first  stick,  the 
prop  pressing  aaainst  the  string  at  its  junction  with  the  handle 
C,  fixes  the  bucket  in  such  a  position  that  the  greater  part  of  its 
weight  and  consequently  the  centre  of  gravity  of  the  whole  ap- 
paratus is  supported  by  the  table ;  and  therefore,  so  long  as  the 
parts  remain  connected,  the  equilibrium  will  be  preserved,  for  the 
end  of  the  stick  B  cannot  be  depressed  without  raising  the  centre 
of  gravity.  A  common  tobacco-pipe,  in  the  same  manner,  may  be 
made  to  sustain  any  weight  short  of  that  which  would  completely 
crush  it. 

135.  As  a  body  of  any  kind  cannot  retain  its  position  unless  its 
centre  of  gravity  be  supported,  it  follows  that  stability  may  be 
preserved  so  long  as  a  Ime  directed  from  that  centre  vertically 
towards  the  sorftce  bdow  falls  within  the  polygon  formed  by  tibe 
base  of  the  body  in  question.  Hence  the  broader  the  base  of  any 
body  the  more  secnrely  will  it  stand ;  and  on  the  contrary  when 
Uie  base  is  extremely  narrow  a  body  will  easily  be  thrown  down. 
If  a  portion  of  any  mass  overiianss  its  base,  it  may  still  remain 
standing  so  long  as  the  vertical  Une  from  the  centre  of  gravity 
fidls  widiin  the  base.    Thus  a  coluom,  an  obelisk,  or  a  steeple 

might  incline  somewhat  from  the  perpendicu- 
lar, and  yet  stand  firm.  From  the  inspection 
of  the  annexed  figures  it  will  appear  that  th» 
inclination  of  a  column  might  be  greater 
than  is  represented  in  the  first  figure,  where 
the  line  A  B  falls  within  the  base,  withont 
endangering  the  stability  of  the  body ;  but 
it  must  be  less  than  that  in  the  second  figure, 
where  the  corresponding  line  C  D  fidls  with- 
--     out  the  base. 

136.  Most  very  lofty  buildings  swerve  in 
some  degree  from  the  perpendicular  after  a  time,  yet  there  can  be 
no  haaaid  of  their  destruction  if  properly  erected.  The  monument 
built  by  Sir  Cluristopher  Wren,  near  London  Bridge,  to  comme- 
morate the  great  fire  in  1666,  and  the  elevated  spire  of  Salisbury 
Cathedral,  have  botii  become  slightly  inclined,  but  they  will  pro- 
bably long  remain  to  afford  standing  evidence  of  the  consummate 
skill  of  their  respective  founders.    Travellers  have  frequently  no- 

Hov  do  TibrsCing  figures  exeinplifj  the  potitioo  of  centres  of  gra- 
vity ? 

What  advantage  does  an  extended  base  afford  for  preserving  the  sta- 
bilitj  of  bodies  f  MThat  examples  prove  thafleamu^  ood\ei  luv)  wsisa- 
tiuHfj  hMwem  sUble  posiUoa  f 
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ticed  the  leaning  towers  of  Bologna  and  Pisa,  espeoially  the  latter 
which  is  one  hundred  and  thirty  feet  hi?h,  and  inclines  so  much 
that  the  summit  overhangs  the  base  fi&en  or  sixteen  feet;  yet 
the  line  of  direction  from  the  centre  of  gravity  dropping  within 
tiie  base,  the  stmctnre  has  continued  to  stand  or  rather  to  lean  for 
some  centuries,  and  will  probably  endure  centuries  longer. 

137.  A  change  of  the  position  of  a  body  which  leaves  its  centre 
of  gravity  unsupported,  must  necessarily  destroy  its  stability. 
Hence  a  high  carriage  is  liable  to  be  overset  when  one  side  is 
raised  more  than  the  other  by  the  wheels  passing  over  a  bank  or 
by  the  sloping  direction  of  the  road ;  and  an  over-freighted  boat 
may  be  capsized  somewhat  in  the  same  manner,  by  a  sudden  lurch 
throwing  the  weight  on  one  side.  Such  an  accident  may  like- 
wise happen  in  consequence  of  a  person  incautiously  rising  when 
a  boat  inclines  to  one  side,  the  situation  of  the  centre  of  gravity 
being  thus  altered,  so  as  to  swamp  or  upset  the  boat. 

138.  The  impossibility  of  preserving  any  position  without 
keeping  the  line  of  direction  ot  the  centre  of  gravity  within  what 
may  be  termed  the  area  of  stability,  or  polygonal  surface  by 
which  the  body  is  supported,  may  be  experimentally  illustrated 
by  observing  the  effect  of  placing  a  person  to  stand  with  his  heels 
close  together  and  in  contact  with  a  perpendicular  wall ;  for  with 
such  a  position  of  the  feet  it  would  be  found  that  he  was  unable 
to  stoop  sufficiently  to  touch  the  floor  with  one  hand.  The  act  of 
stooping  is  performed  by  bending  the  lower  part  of  the  body 
backward  while  the  upper  part  is  inclined  forward,  and  ihuB 
though  the  situation  of  the  centre  of  gravity  is  lowered,  its  line  of 
direction  still  falls  vertically  between  the  feet.  Now  a  person 
with  his  heels  and  of  course  his  back  also  against  a  perpendicular 
wall  could  not  possibly  bend  backward,  and  in  attempting  to  lean 
forward  he  would  inevitably  lose  his  balance  and  fall  down.  So 
that  one  might  scatter  a  handful  of  silver  or  gold  on  the  floor  be- 
fore a  person  stationed  as  just  described,  and  offer  him  all  that  he 
could  pick  up,  while  he  kept  his  feet  unmoved,  without  the 
slightest  risk  of  losing  bne's  money.  For  the  sake  of  any  one 
who  might  choose  to  try  the  experiment  it  should  be  remarked 
that  the  terms  specified  must  be  strictly  adhered  to ;  for  if  the 
heels  are  raised  so  that  the  body  is  supported  by  the  toes,  it  will 
no  longer  be  impossible  to  stoop  sufficientiy  to  touch  the  floor 
without  falling :  the  requisite  condition  therefore  should  be  that 
the  heels  must  remain  in  contact  with  both  the  wall  and  the  floor. 

139.  A  body  will  remain  at  rest,  or  in  the  state  of  equilibrium 
only  in  two  cases,  namely,  when  the  centre  of  gravity  is  either 
as  near  as  possible  to  the  point  of  support,  or  as  far  from  it  as  pos- 


What  facts  prore  ihe  importance  of  preserving  the  line  of  dii 
of  a  body  within  its  base  ?    What  is  meant  by  polygwial  »urface  c 


direction 
,  ^    ^_  ^        or  area 

of  stability?    What  experiment  shows  the  app'licalion  of  tlie  principles 
of  stability  to  the  human  body  ? 
Under  what  two  ciroumiflaoces  can  the  equilibrium  of  a  body  be  pro* 
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sible.  In  the  foimer  case,  the  stability  of  the  body  will  be  secure ; 
in  the  latter,  extremely  insecure ;  thus  a  heavy  elliptical  solid  laid 
lengthwise  would  require  a  considerable  force  to  remove  it  from 
its  place,  but  poised  endwise  the  slightest  impulse  would  cause  it 
to  roll  over.  When  the  centre  of  gravity  is  at  the  lowest  point, 
a  body  is  said  to  be  in  a  state  of  st^le  equilibrium ;  and  when  it 
is  at  uie  highest  point,  in  the  state  of  instable  equilibrium. 

140.  Many  feats  of  dexterity,  as  walking  on  stilts,  dancing  on 
the  tight  rope,  standing  on  a  slack  wire,  and  balancing  bodies  either 
in  motion  or  at  rest,  depend  chiefly  on  the  power  of  maintaining 
the  state  of  instable  equilibrium.  Walking  on  stilts,  sometimes 
practised  by  school-boys,  as  an  amusement,  is  adopted  as  a  mat- 
ter of  convenience  by  the  shepherds  in  a  district  called  the  Landes, 
in  the  south-western  part  of  France.  The  country  there  being  a 
sandy  level  sometimes  covered  with  water,  the  shepherds  on 
leaving  home  take  their  lofty  stilts,  and  may  be  often  seen  strid- 
ing along,  on  their  artificial  supports,  at  an  immense  rate.  The 
art  of  rope-dancing  is  facilitated  by  holding  in  the  hands  a  long 
pole  in  a  transverse  direction ;  for  a  trifling  elevation  of  one  end 
of  the  pole  and  consequent  depression  of  the  other  may  be  made 
at  any  time,  to  prevent  the  lateral  deviation  of  the  centre  of  gra- 
vity from  its  proper  position  vertically  above  the  rope.  Standing 
or  walking  on  the  slack  wire  appears  to  be  a  more  arduous  feat 
than  movmg  on  the  ti?ht  rope ;  yet  it  is  practised  merely  by  keep-* 
ing  the  arms  extended  to  preserve  the  equilibrium ;  and  some- 
times in  that  attitude  the  performer  will  make  a  further  display 
of  skill,  by  balancing  bodies,  one  above  another,  on  his  chin. 
Occasionally  an  exhibition  of  dexterity  on  the  slack  wire  is  made 
to  appear  more  difficult,  by  the  performer  having  handed  to  him  a 
chair,  and  a  small  table  which  he  fixes  across  the  wire,  by  rest- 
ing on  it  the  rails  which  connect  the  legs  of  the  chair  and  of  the 
table,  then  seating  himself  in  the  chair  and  placing  his  feet  above 
the  front  rail  of  uie  table,  he  keeps  the  whole  accurately  equi- 

eoised  even  when  the  wire  is  made  to  swing  from  side  to  side, 
tut  though  this  feat  has  a  more  imposing  efiect  than  standing 
alone  on  the  wire,  there  is  no  doubt  that  it  may  be  performed  witE 
greater  facility ;  for  the  table,  and  in  a  less  degree  the  chair  also 
serve,  like  the  pole  in  the  hands  of  the  rope-dancer,  to  assist  in 
maintaining  the  centre  of  gravity  in  its  proper  place. 

141.  'Hiese  feats,  curious  as  they  are,  appear  much  less  won- 
derful than  the  exhibitions  described  by  some  ancient  writers 
of  respectability,  in  which  elephants  are  represented  as  walking 
on  a  tight  rope.  The  difficulty  of  preserving  the  centre  of  gravity 
of  so  unwieldly  an  animal,  moving  on  such  a  narrow  line  seems 

How  do  we  distinguish  the  two  states  of  stable  and  unstable  equili- 
brium ?  What  feats  of  dexterity  refer  to  the  conditioDS  of  equilibrium 
for  their  explanation  ? 

What  remarkable  feats  are  related  to  have  been  executed  on  the  same 
prioeiple  by  quadrupeds  ? 
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neariy  to  approach  impossibility;  but  the  eyidence  of  the  tatd  ap- 
pears to  be  deserving  of  credit.* 

Meehanic  Powers, 

142.  Nature  presents  to  our  notice  force  capable  of  producing 
motion,  under  yarious  modifications.  The  weight  of  solid  bodies, 
the  impulse  of  flowing  water,  the  pressure  of  currents  of  air,  the 
muscular  exertions  of  men  or  brute  animals  afford  ^miliar  exam- 
ples of  different  kinds  of  forces  or  means  of  originating  motion; 
and  it  is  the  peculiar  proyince  of  mechanical  science  to  supply 
rules  for  the  accumulation,  distribution,  application,  and  expendi- 
ture of  these  or  any  other  forces,  in  the  most  adyantageous  man- 
ner, by  means  of  machinery. 

143.  In  investigating  the  efiect  produced  by  any  machine,  there 
are  three  thinfirs  to  be  considered  :  1.  The  nature  of  the  force  ap- 
plied, generally  styled  the  power ;  2.  The  force  opposed  to  it, 
called  the  resistance ;  and  3.  The  point  or  points  ol  connexion 
between  the  power  and  the  resistance,  which  when  there  b  only 
one  point,  as  in  the  most  simple  machines,  may  be  termed  the 
centre  of  action,  and  where  there  are  two  or  more  such  points,  the 
action  of  the  antagonist  forces  must  be  distributed  over  those 
points. 

144.  Weight  being  in  itself  one  of  the  most  efficient  kinds  of 
force,  and  at  the  same  time  a  common  property  of  all  bodies  to 
which  force  can  be  applied,  it  has  been  very  properly  adopted  as 
n  convenient  measure  or  medium  of  comparison  of  movingr  forces 
in  general.  But  as  the  mere  weight  of  a  body  in  motion  can 
afford  no  just  indication  of  its  impulsive  force,  the  term  moment 
or  momentum  has  been  adopted  to  denote  the  absolute  force  of  a 
movingbody  with  reference  to  the  effect  it  is  capable  of  produc- 
ing. The  difference  between  the  force  of  a  body  at  rest  and  that 
of  the  same  body  in  motion,  that  is  between  its  weight  and  its 
momentum,  in  different  circumstances,  will  be  obvious  on  the 
slightest  consideration.  Thus  a  musket-ball  which  might  not  be 
heavy  enough  to  break  through  a  sheet  of  tissue-paper,  when  laid 
gently  on  it,  would  perforate  a  much  firmer  substance,  if  dropped 
on  it  from  a  considerable  height,  and  fired  from  a  gun  it  would 
penetrate  a  thick  deal  board.  The  momentum  of  a  bcmy  then  must 
be  estimated  by  its  weight  and  velocity  taken  together. 

Enumerate  some  of  the  natural  forces  eapuble  of  producing  motion. 
What  has  mechanical  science  to  do  with  these  foi'ces  ? 
Ilow  many  and  what  things  require  to  he  considered  in  ezamiii^i^  the 
efft'ct  of  a  machine  ? 
What  is  meant  by  the  term  centre  of  action  T 
What  is  the  difference  between  force  and  momentum  ? 

*  "  Notissiroas  Eques  Romanus  elephanto  supersedens  per  eat»dre- 
roum,  id  est  funem,  decurrit.*'— <Stietomti«  m  Vita  MronU,  Referenees 
to  other  writers,  ancient  and  niod<»>n,  who  bare  noticed  the  exbibidons 
of  elephants  on  the  tight  rope,  are  giren  in  JBeckmann'9  Mut,  •fJitvmL 
ZV'  ^'  ^oh  iil.  p.  31t. 
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145.  From  what  has  been  stated  elsewhere,  it  may  be  in/emdl 
fliat  any  force  which  would  drive  a  body  weighing  two  pounds  a 
given  distance  in  one  minute,  would  drive  a  body  weif^ing  but 
one  pound  twice  as  far  in  ^e  same  time ;  and  hence  the  velocity 
ik  the  latter  body  would  be  double  that  of  the  former,  though  both 
impelled  by  the  same  force.  Both  bodies  also  would  have  the 
saine  momentum,  as  will  appear  on  multiplying  the  velocity  of 
6ach  body  respectively  by  its  weight :  for  the  velocity  of  the  nrst- 
mendonra  body  may  be  represented  by  1,  and  that  of  the  last^ 
mentioned,  being  double  the  other,  by  2 ;  then  31b.  X  1  "»2,  and 
lib.  X  9  =  2.  And  the  same  result  will  be  obtained  if  we  take 
the  whble  distance  passed  through  by  each  body  in  a  given  time 
as  the  measure  of  its  velocity ;  for  suppose  the  body  weighing 
two  pounds  to  run  a  quarter  of  a  mile  in  a  minute,  and  that  weigh- 
ing one  pound  half  a  mile  in  the  same  time ;  then  i  m. «» .35  X  9 
=s50,  )  m.  =  .50  X  1  as  50 ;  the  sum  expressing  the  momentum 
of  either  body  being  the  same.  Since  the  momentum  of  a  moving 
body  is  to  be  estimated  by  its  weight  multiplied  into  its  velocity, 
it  fmloWs  that  a  comparatively  small  body  may  by  the  celerity  of 
its  motion  produce  a  much  greater  effect  than  a  body  of  ftr  supe» 
rior  bulk  moving  slowly.  Suppose  the  weight  of  a  battering  ram 
(such  as  was  anciently  used  m  war]),  to  be  20,000  pounds,  and 
that  it  moved  at  the  rate  of  one  foot  in  a  second ;  and  the  weight 
of  a  cannon-ball  to  be  ^3  pounds,  and  that  it  moved  1000  feet  ic 
a  second,  then  the  momentum  of  the  former  would  be  30,000  X 
1 «  20,000,  and  that  of  the  latter  1000  X  33  =-r  33,000 ;  and  con- 
sequently the  effective  force  of  the  cannon-ball  would  be  more 
than  half  as  great  again  as  that  of  the  ram,  notwithstanding  its 
immense  superiority  of  weight. 

146.  The  mechanic  powers  are  simple  machines,  or  instru- 
ments, by  means  of  which  the  acting  force  technically  styled  the 
power,  is  to  be  applied  to  the  force  which  must  be  overcome,  or 
that  called  the  resistance.  The  advantage  which  is  obtained  by 
using  these  mechanical  agents  arises  from  the  distribution  of  the 
resisting  force  amon^  the  different  parts  of  the  machine,  so  that 
the  portion  of  it  which  is  directly  sustained  or  counterbalanced 
by  tne  power  bears  but  a  small  proportion  to  the  whole ;  and  thus 
a  power  insufficient  to  communicate  motion  to  a  body  or  support 
its  pressure,  without  mechanical  assistance,  may  effect  the  pur- 
pose for  which  it  is  employed,  by  transferring  a  part  of  the  weight 
to  one  or  more  of  those  points  already  noticed,  whether  it  be  the 
fulcrum  of  a  lever,  the  wheels  of  a  pulley,  or  the  surface  of  an 
inclined  plane. 

147.  Different  authors  have  varied  considerably  in  the  enume- 
ration of  the  simple  machines   or  mechanic  powers,  from  the 
combination  of  which  and  their  several  modifications  all  other 
machines,  including  those  of  the  most  complicated  nature,  are  pro- 
Give  soxne  examples  to  illastfate  this  diffbrence. 

What  U  the  nature  and  whut  are  the  objects  of  the  fnecKomc  ^(nweri? 
VfkdarhoirmMn/geaenddlriBlont  may  all  me«kan\e  po^cr^);^  «\%mfeAL>. 
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duced.  Considered  as  modes  of  the  application  of  impulse  to 
overcome  resistance,  all  the  mechanic  powers  may  jperh^w  be 
most  correctly  arranged  under  three  diyisions:  1.  The  Lever; 
S.  The  Multiplied  Cord ;  3.  The  Inclined  Plane.  To  these  somfi 
have  added  the  Wheel  and  Axle,  the  Pulley,  the  Wedge,  and  the 
Screw.  But  the  wheel  and  axle  is  only  a  variety  of  the  lever,  the 
principle  which  regulates  the  action  of  both  machines  being  pre- 
cisely the  same.  The  pulley,  so  far  as  it  possesses  any  distin- 
pruishing  property,  must  be  considered  as  a  multiplied  cord ;  but 
in  practice  it  is  always  used  with  wheels,  and  consequently  it 
partakes  in  some  degree  of  the  nature  of  the  lever.  The  wedge 
IS  nothing  more  than  a  double  inclined  plane  applied  in  a  peculiar 
manner,  and  acting  exactly  as  a  single  inclined  plane,  but  with 
twice  the  effect.  The  screw  is,  a  modification  of  ike  inclined 
plane,  usually  operating  through  the  assistance  of  a  lever.  All 
these  instruments  have  l)een  commonly  regarded  as  so  many  sim- 
ple machines;  it  may  therefore  be  as  well  to  describe  them 
separately,  and  in  such  order  that  the  developement  of  their 
respective  properties  may  illustrate  the  analogies  among  them 
w^hich  have  been  just  pointed  out. 

7%c  Lever, 

148.  The  principle  of  action  of  all  the  mechanic  powers  is 
founded  on  the  doctrine  of  equilibration,  and  is  therefore  intimate- 
ly connected  with  the  theory  of  the  centre  of  gravity,  which  has 
been  already  explained.  As  no  single  mass  of  matter  can  remain 
in  the  state  of  equilibrium  unless  its  centre  of  gravity  be  support- 
ed, so  any  number  of  bodies  connected  together  must  have  some 
common  centre  of  gravity  on  which  they  will  rest  securely,  if 
undisturbed,  or  oscillate  round  that  centre,  when  impulse  is  ap- 
plied on  either  side  of  it. 

^  3  149.  Suppose  two  balls  of 

I,  '  4f^  iron,  A,weighing  three  pounds, 
j^  ^9    and  B,weigning  but  one  pound, 

to  be  fixed  to  the  opposite  ends 
of  an  iron  bar ;  then  whatever  might  be  the  length  of  that  bar, 
(provided  it  was  of  equal  diameter  throughout,)  the  centre  of 
gravity  of  the  three  connected  bodies  would  be  situated  at  a  part  of 
the  bar  just  three  times  as  far  from  the  lighter  ball  as  from  th« 
heavier,  the  weight  of  the  latter  being  three  times  as  great  as  that  of 
the  former;  and  the  bar  being  supported  at  that  point  the  equilibrium 
would  be  maintained.  Such  a  bar  would  be  a  kind  of  lever,  with 
respect  to  which  the  large  ball  might  represent  the  resistance,  or 
force  to  be  overcome ;  the  small  ball  the  power  applied ;  and  the 

To  which  of  these  does  the  wheel  and  axle  belong  ?  to  which  the  wedge 
and  screw  ? 

With  what  theory  is  the  aetion  of  all  mechanic  powers  connected  ? 
What  numerical  relation  exists  between  the  length  of  the  two  arms  of 
M  lever  aad  the  forces  applied  at  theW  exlr«mVde%  N^hea  in  eqoilibriam  I 
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fopporting  point  the  prop  or  centre  of  action,  technically  styled 
the  falcnmi,  which  is  a  liatin  word,  signifying  a  prop. 

150.  The  mode  of  action  of  the  lever  may  be  further  illustrated 
by  observing  what  takes  place  when  two  or  more  boys  amuse 
themselves  with  a  see-saw,  or  vertical  swing. 

Here  the  plank  A  B  forms 
a  lever,  of  which  the  block 
O  is  the  fulcrum,  and  in  or- 
der for  the  plank  to  be  equi- 
poised, it  must  be  shifted 
into  each  a  position  that  the 
greater  weight  of  the  boy  D 

neareet  the  fnicrom,  may  be  compensated  by  the  greater  distance 

fh)m  that  fulemm  of  the  boy  E. 

151.  Any  number  of  boys  might  be  placed  at  either  side  of  the 
fiilcram,  provided  that  the  sum  of  the  weights  of  all  the  boys  on 
one  aide,  multiplied  by  their  respective  distances  from  the  fulcrum, 
were  equal  to  tne  sum  of  the  weights  of  the  boys  on  the  other  side, 
multiplied  by  their  distances  respectively  from  the  same  point 
Thus,  suppose  the  plank  to  be  twelve  feet  long,  and  the  fulcrum 
to  be  placed  four  feet  from  the  end  A,  then  a  boy  weighing  thirty 
poanda  at  the  end  B  would  counterpoise  another  weighing  sixty 
pounds  at  A ;  or  the  same  boy  at  B  would  support  two  boys  weigh- 
mg  forty  pounds  each,  one  being  placed  at  A,  and  the  other  two 
feet  nearer  the  fulcrum.  This  will  appear  from  calculation,  for 
the  weight  of  the  boy  E,  80  X  8,  his  aiatance  from  the  fulcrum, 
ffivea  for  the  product  240 ;  the  weight  of  the  boy  D,  60  X  4,  his 
diatance  from  the  fulcrum,  also  gives  240 ;  and  die  weight  of  one 
boy  at  A,  40  X  4  «B  160,  and  another  at  two  feet  from  the  fulcrum, 
40  X  2  =»  80,  will  by  the  addition  of  the  products  make  240.  The 
plank  being  ^us  brought  to  a  state  of  equilibration  must,  in  order 
to  make  it  vibrate,  have  some  impulse  given  to  it,  either  by  the 
boya  moving  simultaneously  upward  on  one  side  and  downward 
on  the  other,  and  so  on ;  or  by  pressing  alternately  with  their 
feet  against  the  surface  below,  as  either  end  preponderates ;  or  by 
any  «soiTenK>nding  motion. 

159.  It  has  been  proposed  to  adopt  the  principle  of  the  see-saw 
in  the  construction  of  machinery  for  economical  purposes.  In  the 
Journal  dee  Savans,  June  13,  1678,  an  engine  is  described,  by 
means  of  which  cripples,  if  even  deprived  of  their  limbs,  being 
placed  on  the  eztremides  of  a  lon^  lever,  might,  by  the  alternate 
inclination  of  their  bodies  in  opposite  directions,  produce  sufficient 
effect  to  work  the  pistons  of  pumps  for  raising  water.  And  in 
the  same  Journal  a  description  is  given  of  a  vibrating  quadrangu- 
lar frame,  at  one  end  of  which  four  persons  standing  or  sitting, 
might  by  their  regulated  efforts  in  depressing  and  raising  the 

From  what  speeies  of  amuBement  may  a  familiar  illustration  of  this 
tmth  be  derived  ? 

In  what  manner  hat  It  been  prqpoaed  to  apply  the  pTiufii^^  Ql^<&««t- 
mw  to  useful  porpowea/ 
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fraine,  communicate  a  vertical  motion  to  a  saw  for  cutting  timba  s 
horizontal  motion  to  surfaces  for  polishing  marble,  or  levigatiiiff 
powders ;  force  to  a  pair  of  shears  for  cutting  through  plates  of 
metal ;  or  rotatory  motion  to  a  wheel  for  any  purpose.  * 

153.  Since  the  momentum  of  a  body 
is  always  to  be  estimated  by  its  weight 
and  velocity  multiplied  together,  and 
the  veloci^  by  the  space  described  bv 
a  moving  body  in  a  given  time,  it  win 
follow  that  the  momentum  of  bodies  in 
a  state  of  equilibration  must  be  the 
same.  For  let  A  B  represent -a  lever 
kept  in  equilibrium  by  two  leaden  balls,  the  larger  weighin|[  two 
pounds,  and  the  smaller  one  pound ;  then  suppose  the  weights 
were  removed,  the  lever  would  take  the  direction  £  D,  the  ex* 
tremity  A  would  describe  the  small  arc  A  E,  and  the  extremity 
B  the  arc  B  D,  and  those  arcs  would  denote  the  qraces  moved 
through  by  the  respective  ends  of  the  lever.  Hence  the  momea- 
tum  of  the  two  weights  necessary  to  presecve  the  equilibrium  of 
the  lever  may  be  tound  by  multiplying  the  absolute  weight  of 
each  by  the  number  representing  the  velocity,  or  space  deficribedi 
if  therefore  the  arc  B  D  be  two  inches^  and  A  £  one  inch,  itamat 
be  obvious  that  the  products  of  the  respective  wcaghts-and  vwitoci* 
ties  multiplied  togemer  will  in  eaQ^  c^c  be  two,  which  wouH 
express  the  momeAtvm  or  moving  fbnce  exe^rted  by  each  wei^^ 
to  preserve  the  equ^ioise  of  i3^e  lever.  It  must  also  be  ui^ioed 
that  the  arc  B  H,  or  F  D,  will  always  hp  in  a  direct  proportiaa 
to  the  line  G  B,  and  the  arc  A  C,  oat  %  C,  ip^ill  bear  the  vamye  pro- 
portion to  the  line  6  A ;  so  thal«  whethi^r  tij^e  Jiumber  of  poundi 
m  each  weight  be  multiplied  by  the  nqanbeir  of  inches  in  hi 
corresponding  are,  or  by  the  number  expressing  its  distance  firom 
the  fulcrum,  the  result  will  show  the  momentum  <^  both  weights 
to  be  the  same.  For  let  G  B  be  12.  inches,  and  G  A  6,  then  13  X 
1  =  6X2  =  12. 

154.  A  lever  theoretically  considered  must  be  an  inflexible  rod, 
of  uniform  weight  in  every  part,  turning  freely  on  a  fixed  point  or 
fulcrum.  There  are  three  kinds  or  orders  of  levers :  I.  That  in 
which  the  power  P  and  the  resistance  R  act  in  the  same  direetioa, 
having  the  fulcrum  F  between  them ;  2.  That  in  which  the  powet 
and  resistance  are  in  opposite  directions,  the  latter  being  between 

Wliat  is  ibesnt  by  momentam,  when  applied  to  bodies  at  rest?  IBn- 
eroplify  this  in  the  case  of  the  lever. 

what  are  the  three  characters  of  a  lever  Assumed  in  theoretical  ioves- 
tigations  ? 

How  many  orders  of  levers  may  be  cuumerated  ?  How  are  the  seve- 
ral oi*ders  asually  distinguished  ? 

*  This  simple  kind  of  machinery,  known  in  French  by  the  name  of 
baacute,  has  been  proposed  for  various  other  objests.---See  M^rnii 
Traite  tiet  M^chtniB9.  * 
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te  ftilcnim  and  the  pow«r ;  3.  That  in  which  the  power  mnd  the 
feeifltaDce  are  also  opposed,  the  former  occupying  the  intennediattt 
poaitiony  and  being  opposed  to  the  fulcrum. 


i. 


155.  In  a  lever  of  the  first  kind,  those  parts  on  each  side  of  the  ^ 
folcrum  are  termed  the  arms  of  the  lever ;  and  the  greater  the 
relative  len^  of  that  arm  with  which  the  power  is  connected 
compared  with  that  to  which  the  weight  or  resistance  is  attached« 
with  so  much  stronger  efiSsct  will  the  power  be  enabled  to  act. 
As  the  power  will  retain  the  lever  in  equilibrium  when  its  mo- 
mentum is  barely  equal  to  that  of  the  resistance,  it  must  have  a 
greater  momentum  in  order  to  produce  motion.  Now  its  momen- 
tum or  acting  force,  se  fiir  as  it  depends  on  the  lever,  is  derived 
from  the  superior  length  of  the  arm  vnth  which  it  is  connected ; 
and  therefore  in  order  to  raise  the  weight  or  resistance,  it  must 
descend  through  a  space  as  much  greater  than  that  through  which 
the  weight  rises,  as  the  length  of  the  arm  to  which  the  power  is 
applied  is  greater  than  the  length  of  that  arm  to  which  the  weight 
is  ^>pended.  Thus  by  means  of  the  lever,  a  small  power  can 
move  a  great  weight ;  out  in  this  case  the  space  passed  through 
by  the  power  will  always  be  greater  than  that  through  which  me 
weight  moves ;  and  tlie  greater  the  advantage  which  the  power 
derives  from  the  lever,  the  greater  must  be  uie  difference  of  the 
lengths  of  its  arms,  and  consequently  the  less  will  be  the  motion 
of  8ie  weight. 

156.  A  long  lever  turn- 
ing on  a  strong  iron  pin, 
as  shown  in  the  margin,  is 
used  by  artillery-men  to 
raise  pieces  of  ordnance  or 
other  great  weights.  Wheelwrights  and  coachmakers  employ  a 
lever  of  similar  construction,  but  having  a  shorter  handle,  and  a 
higher  folcram,  and  with  this  they  raise  a  carriage  on  one  side, 
when  they  want  to  remove  a  wheel.  Crowbars  and  handspikes 
are  levers  of  a  similar  kind,  as  al^P  is  the  instrument  called  a 
jemmy,  used  bv  thieves,  in  breaking  open  doors  or  wrenching  off 
locks  or  other  festenings.  A  pair  of  scissors,  snuffers,  or  pincers, 
consists  of  two  levers  turning  on  a  rivet,  which  serves  as  the  ful- 

What  are  tignifted  by  the  ormt  of  a  lever  ?    From  what  is  the  meoha- 
nieal  efficiency  of  the  ftoiocr  derived  ?  ,        -  ,  r«-.i> 

In  what  ordinary  implemenU  it  the  firtt  order  of  levera  exejaplifi^? 
In  what  familiar  example  do  the  «Drce  and  retiitanee  act  at  ni^l  wc>^>»% 
to  caieh  other? 
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cram,  on  one  aide  of  whieh  power  is  applied  to  oreieoiiifl  fmiai* 
ance  on  the  other  side. 

A  common  claw-hsmmer  may  be  employed  ae  a 

lever,  acting  with  considerable  effect  in  drawing  oat 
nails.  In  uiis  case  the  line  of  direction  of  the  power 
will  be  perpendicnlar  to  that  of  the  resistance,  as 
appean  ^om  the  marginal  figure. 

167.  Here  the  adyanfage  obtained  by  the  power  is 
to  be  estimated  by  its  fertical  distance  from  the  ftJk 
cram  A  C,  compared  with  the  horizontal  distance  C 
D,  between  the  fblcram  and  the  reeistance,  represented  by  the 
weight  B.  When  the  power,  or  resistance,  or  both  act  ob- 
liquely, their  effect  will  m  diminished,  according  to  the  degree 
of  obliquity. 

Suppose  A  B  to  represent  a  lerer 
turning  on  a  fuleram  at  F,  and  let 
A  R  b^  the  direction  of  Ae  power  P, 
and  B  S  that  of  the  weight  W ;  then 
if  the  line  R  A  be  continued  to  C, 
and  the  line  S  B  to  D,  and  the  per- 
pendiculars F  C  and  F  D  be  drawn 
ftom  the  fulcrum  to  meet  the  lines  of  direction  in  the  points-  G 
and  D,  the  momentum  of  the  power  will  be  as  its  weight  multi- 
plied by  the  number  denoting  tlie  length  of  0  F,  and  the  ni^iiMliH- 
tum  of  the  resistance  will  be  as  its  weijght  multiplied  Ibiy  the  num- 
ber denoting  the  length  of  D  F. 

158.  Let  B  G  be  a  curved 
lever  supported  at  F,  and  bavins 
the  power  suspended  at  E,  and 
the  weight  at  B ;  then  the  mo- 
mentum of  the  former  will  be 
found  by  multiplying  its  wei^t 
by  the  line  F  G,  or  D  E,  and 
that  of  the  latter  by  muitiplyiiur 
-its  weight  by  the  line  A  F;  or  B 
C.  These  lines  A  F,  and  F  G,  are  both  shorter  than  the  curve 
arms  of  the  lever.  If  the  fulcrum  F  be  in  a  straight  line  betwera 
B  and  E,  this  lever  will  possess  the  same  character  as  if  the  lever 
were  straig4it ;  but  if  the  fulcram  be  situated  out  of  a  straight  line 
while  the  force  and  resistance  continue  parallel,  the  lever  will  be 
progressive.  This  is  the  character  of  the  bent  steelyard,  in  which 
the  poise  being  uniform,  the  weight  is  estimated  by  the  height  to 
which  it  will  elevate  the  poise. 

159.  Whatever  may  be  the  nature  of  the  lever  employed,  as 
whether  it  be  of  tiie  first,  second,  or  third  kind,  its  mode  ot  action 
is  in  every  case  to  be  eKplained  according  to  the  principles  already 

How  is  the  mdTanUge  obtained  bj  the  jbewrr  eBtimated  when  the  direc- 
tions of  the  foree  and  resistance  are  not  paraJld  ? 

DeBoribe  the  bent  lever.    How  may  the  mode  oC  iL«Ckoti«£  «S\.W««eft 
f»e  explained  ? 


TRS  LEven.  70 

laid  down.  Thas  in  a  lever  of  the  eecond  kind,  in  whieh  the 
resistance,  or  weight  to  be  oyercome,  is  placed  between  the  ful- 
cmm  and  the  power  (see  154),  the  adTantaffe  of  the  latter 
will  be  increased  in  the  same  ratio,  as  that  of  the  distance  or 
space  between  the  power  and  the  fulcmm  to  the  space  between 
the  resistance  and  the  fhlcmm. 


'  160l  The  annexed  figure  (1^  represents  the  manner  of  using  a 
handspike  or  bar  as  a  leyer  oi  the  first  kind :  (3)  shows  how  a 
similar  bar  may  be  emplojred  as  a  lever  of  the  second  kind ;  the 
point  of  the  lever  here  beinff  fixed  against  the  ground  or  surface 
oelow  the  body  to  be  moved,  and  the  power  applied  to  the  oppo- 
site end  of  the  lever.  Among  the  various  examples  whieh  might 
be  adduced  of  levers  of  the  second  order,  may  be  mentioned  the 
knife  used  by  drugpsts  for  chi]fping  sasssifras,  quassia,  and  other 
medicinal  woods;  one  end  beinff  connected  with  a  table  by  a 
hinge  on  whidi  it  movea  as  its  mlcrum,  the  power  is  applied  to 
the  handle  at  the  opposite  extremity,  and  the  substance  to  be 
ehipped,  forming  the  resistance,  is  placed  between  them,  and  ia 
ent  tfarongli  by  uie  edveof  the  knife  pressing  it  against  the  table. 
The  cottinf^  blade  used  by  chaff-cutters,  and  those  of  coopers,  and 
last  makers  are  likewise  made  to  act  on  the  principle  of  a  lever  of 
the  second  order.         H-r* 

161.  In  rowing  a  boat,  regarding  it  as  the  weight  or  resistance 
to  bo  moved,  the  water  must  be  considered  as  the  fulcmm,  against 
which  the  pressure  of  the  blade  of  the  oar,  acting  as  a  lever  of 
th0  aecond  land,  moved  by  the  hand  of  the  waterman,  as  the 
power,  at  the  opposite  extremity,  produces  the  motion  of  the  boat. 
A  pair  of  nutHcraekers  is  formed  bv  two  levers  of  the  kind  just 
described,  moving  on  a  hinge  as  a  nilerum ;  and  so  likewise  is  a 
lemoDHBqueezer.  When  two  men  bear  a  weight  on  a  hand-bar- 
row, one  of  them  may  be  considered  as  occupying  the  place  of 
the  power,  and  the  other  that  of  the  fulcrum.  If  they  have  both 
the  same  degree  of  strength,  and  can  support  the  barrow  in  a 
horiaontal  direction,  the  weight  or  burden  should  be  exactly  be- 
tween them ;  for  if  it  be  placed  nearer  to  one  than  to  the  other, 
an  advantage  will  be  given  to  the  man  stationed  furthest  from  it. 

163.  In  a  lever  of  the  third  kind,  (see  154)  the  power  being  nearer 
the  fulcrum  than  the  weight  or  resistance^  Uie  advantage  lies  on  the 

AVhat  implement  illactrates  the  second  order  of  levers  ? 

In  what  manner  may  we  explain  the  effect  of  oars  in  rowinj^  P 

How  are  we  to  coropate  the  relatire  portions  of  a  pren  weight  borne 
bj  two  persona  on  a  pole  ? 

How  are  the  power^  fbleram,  and  weight  airanis^  \iv  ^  \«^tx  dl  ^^ 
third  order? 
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side  of  the  latter ;  and  therefine  a  greater  deeree  of  fbrofl  wodd 
be  requisite  to  support  or  move  the  weight  oy  means  of  sneh  a 
lever  than  that  which  would  suffice  to  produce  the  same  eflbet 
without  the  aid  of  any  machine*  But  in  this  case  the  powear  will 
raise  the  weight  through  a  greater  space  than  that  througji  which 
the  power  itself  passes,  and  will  consequently  cause  the  wei^^ 

to  move  with  a  yelocity  beyond  its  own. 
r>m  This  will  appear  from  the  inspection  d 
i-p  ^t^^         *he  marginal  figure,  in  which  the  jKywer 
L******^  P,  acting  over  a  pulley,  from  the  TK>mt  of 

the  lever  p,  will,  in  moving  the  lever  to 
#  the  position  F  p  W,  raise  the  weight'  or 
^  resistance  from  w  to  W,  while  the  iwwer 
only  passes  through  the  space  from  p  to  pt  ot  more  aooiiuntoly 
the  line  described  by  the  weight  will  be  &e  arc  10  W,  and  that 
described  by  the  point  from  which  the  power  acta,  will  be  die 
very  small  arc  pp^    V  ' 

163.  nniis  kmd  of  lever  therefore  is  not  used  to  overcome  great 
resistance,  but  either  to  move  a  weight  witii  great  q>eed,  at  from 
its  peculiar  adaptation  to  some  particular  purposes.  lliaSy  a 
builder  in  raising  a  long  ladder  from  the  horixontal  pontioiit  to 
place  it  against  a  wall,  finds  it  convenient  to  fix  the  fisot  of  die 
ladder  against  a  block  or  stone,  v»  a  fulerumy  and  laying  hold  o€ 
the  ladder  at  half  or  three-fourths  of  its  length,  he  supports  at  fiiat 
the  greater  part  of  its  weight,  but  gradually  bringing  it  neanr 
and  nearer  to  a  perpendicular  position,  he  shins  his  nandB  aecord- 
ingly  from  the  point  where  he  =  first  grasped  it,  till  he  can  bring 
them  low  enough  to  keep  the  ladder  upright,  and  then  it  may  be 
removed  to  the  required  situation.  The  treadle  of  a  turning  lathe, 
or  grinding  machine,  affords  a  familiar  example  of  a  lever  of  the 
third  order,  in  which  the  pressure  of  the  foot  becmnee  the  power, 
which,  acting  between  the  frilerum  and  the  resistance,  sets  the 
machine  in  motion.  In  a  pair  of  tongs,  or  shears  used  iir  clip- 
ping the  wool  from  sheep,  two  such  levers  are  connected  so  as  to 
have  the  fulcrum  at  the  point  of  junction,  and  the  hand  in  using 
one  or  the  other,  acts  as  the  power  between  the  fulcrum  and  the 
resistance. 

164.  But  the  most  interesting  examples  of  the  application  of 
such  levers  may  be  found  in  the  structure  of  animals.  Thus  the 
fore-arm,  connected  with  the  upper  part  of  the  arm  by  the  elbow- 
joint,  moves  on  that  joint  as  a  frilcrum,  the  power  that  lifts  or 
bends  it  lieing  supplied  by  the  contraction  of  muscles,  acting  firom 
points  between  the  elbow  and  the  wrist.  The  whole  arm  is  raised 
from  the  side  of  the  bodj  to  a  horizontal  position  in  the  same 
manner,  chiefly  by  the  action  of  a  strong  muscle  called  the  Del- 

What  sort  of  mechaDical  ad«anta|;e  is  it  tbe  purpose  of  levers  of  the 
Uiird  order  to  attain  ? 
What  practical  applications  of  this  order  of  levers  eaa  be  named  ? 
What  parts  in  the  stmetore  of  animals  exempUfy  the  third  order  of 

levers  / 
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toidy  foiBiiQ^  the  fleshy  part  of  the  shoulder,  and  stretching  down 
on  iba  outside  of  the  arm,  with  the  bone  of  which  it  is  firmly 
oonaeoted.  The  biding  of  the  kneorjoint  and  the  hip-joint  in 
wnlkingf  is  performed  by  the  corresponding  action  of  strong  mus- 
cles s  and  in  various  parts  of  the  human  frune  moUon  takes  place 
[fli  a  similar  manner.  In  the  lower  orders  of  animals  an  analo- 
gous kind  of  machinery  may  be  discovered,  as  in  the  wings  of 
bifdsy  whiieh  are  thus  m^de  to  move  with  eztraordijiary  veLocitjr, 
that  they  may  be  «iableid  to  act  on  a  mediwn  having  so  inconsi 
derable  a  d€|free  of  density  as  the  air. 

165.  Any  nomber  of  levers  may  be  connected  together,  so  at 
to  constitute  a  ocwaposition  Qt  system  of  levers,  the  power  acting 
on  the  end  (^  the  nrst  lever  aralsing  the  end  of  the  second,  ana 
that  depressiag  the  end  of  Hike  third,  so  as  to  raise  a  weight  at  the 
opposite  extremity;  or  the  altenia|e  action  may  be  continned 
though  a  gfent  number  of  levels,  the  effect  of  which  would  be  to 
augment  vastly  the  momentum  of  the  power,  and  to  diminish  in 
the  same  prpportion  the  velocity  of  the  weight,  or  resistance,  so 
that  the  space  tbrouji^  which  that  resistance  would  be  moved  would 
in  genBrfu  soon  become  vety  insignificant.  The  effect  of  such  a 
system  of  levees  must  be  estimated  according  to  the  relative  dis- 
tances of  the  iiower  and  the  weight  respectively  firom  the  fulcrum, 
whether  the  levers  were  all  of  one  kind,  or  aome  of  one  kind  and 
soHie^anpthiBr. 

16S*  Ajmong  the  vaxious  applications  of  the  lever,  one  of  ths 
most  useful  and  important  is  in  the  construction  of  Uie  conmioh 
biilttQoef  styled,  £rom  its  adventitious  appendages,  a  pair  of  scales. 
The  beam,  whidti  is  the  essential  part  of  the  machine,  is  nothing 
moiPS  than  a  lever  of  the  &rst  oarder,  having  equal  arms,  and  turn- 
ing fireely  on  its  fulcrum,  or  centre  of  action.  It  is  hardly  neces- 
sary t«  add,  that  its  use  is  to  ascertain  the  weight  of  bodies  by 
equipoising  them  with  an  authorised  standard ;  and  the  principle 
on  which  tfalis.  is  efiected  has  been  already  amply  illustrated. 
There  ani  however  some  okcumstances  requisite  to  insure  the 
aocuracyjtf  u  balance,  which  deserve  to  be  noticed. 

167.  The  besa  of  the  balance  should  be  so  formed  that  its 
centre  of  giayity  npLay  be  placed  just  below  the  axis  or  centre  of 
motion;  for  if  the  cwitie  of  gravity  and  centre  of  motion  coincided, 
it  must  be  obvious  that  the  beam  would  rest  in  any  position  in 
stead  ci  (uosuming  the  horis<Hital  direction  necessary  to  indicate 
the  eqaaiiHv  of  weights  on  each  side.  However,  when  a  very 
delicate  balance  is  required,  its  beam  must  be  so  constructed  that 
the  centuB  of  motion  may  be  as  near  as  possible  to  the  centre  of 
gravity,  but  somewhat  above  it.  The  extremities  of  the  arms  of 
a  bailee  are.  named  the  points  of  suspension,  to  which  are  fixed 
the  scales ;  and  those  pomts  should  be  so  situated  that  a  straight 

In  what  manner  may  lerers  be'  eombined  togiether  for  the  production 
Or  any  desired  effect ' 
How  ia  IhtJtPoBt  of  aoa^  a  ajitem  of  leVera  to  be  eiAm%tedi\ 
What  eircumstanees  are  requisite  to  insure  the  fvcc>\v^c^  q&  ^\Mi\Mcv»i^ 
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line  extending  from  one  to  the  other  would  touch  the  point  on 
which  the  beam  turns.  The  sensibility  of  the  baianee  is  likewise 
influenced  by  the  Ibrm  of  tiie  fulcrum ;  and  in  the  most  aeomite 
balances  the  beam  rests  on  a  knife-edge  moving  on  affate,  potish- 
ed  steel,  or  some  Teiy  dense  and  smooth  surfiue.  Kqual  niee^ 
is  required  in  the  suspension  of  the  scales^  which  should  hang 
from  thin  edges. 

168.  Hayinff  thus  stated  the  method  of  renderinsr  a  bidanee  as 
exact  as  possible,  it  may  be  proper  to  notice  some  of  the;  imperfto- 
tions  of  common  balances,  caused  ^as  they  are  too  fiequently  by 
design,  for  the  purpose  of  fraudulent  deception.  If  the  two  arms 
be  not  precisely  of  the  same  length,  the  seals  appended  te  the 
longer  arm  will  turn  with  a  less  weight  tiian  that  hanging  ftom 
&e  shorter  arm,  and  the  purchaser  of  goods  may  thus  be  chested : 
so  also  if  one  arm  of  the  lev^  be  heavier  than  this  other,  the  scale 
on  that  side  must  pieponder^.  But  decepttons  of  this  kind  maj 
be  discovered  by  changing  the  places  of  uie  weight  and  the  arti- 
cle to  be  weighed ;  for  the  lightest  scale  would  no  longer  keep 
equipoised.  And  yet  witii  sneh  a  pair  oi  scales  the  true  weif^t 
of  a  substance  mignt  be  ascertained ;  since  by  weiring  it  first  m 
one  scale  and  then  in  the  other,  multiplviug  together  the  two 
weights,  and  extracting  the  square  root  of  the  product,  we  ehould 
obtain  the  true  weight.* 

169.  The  steelyard  is  another  well-known  kind  of  baianee, 
more  directly  involving  the  principle  of  the  lever  in  its  eonstroo- 
tion  than  the  common  balance.    It  oonnsts  of  a  lever  with  un- 
equal arms,  turning  on  its  fulcrum,  and  having  on  the  longer  aim 
a  moveable  weight,  so  that  the  body,  whose  wei^t  is  required, 
beiuff  suspended  from  the  shorter  arm,  the  equilibnum  ie  attaiked 
by  shifting  the  weight  to  the  necessary  distance  Gnm  the  fblema,     \ 
and  the  longer  arm  being  graduated  and  numbered,  the  weight 
appears  £rom  inspection.    This  is  sometimes  called  the  RonSm 
balance,  as  alleged  from  its  resemblance  to  the  Roman  stateia;     | 
tiiough  it  has  been  stated  that  the  original  term  was  Romman,     ' 
and  that  it  was  so  called  in  the  East,  firom  the  shiape  of  tbs 
weight,  resembling  a  pomegranate,  j;    Such  a  baianee  as  the  steel- 
yard, but  of  small  dimensions,  and  made  of  ivory  or  wood,  is  used 
by  the  Chinese  for  weighing  pearls,  precious  stones,  and  other     i 
small  objects. 

170.  The  Danish  balance  is  a  straight  bar  or  lever,  hariiig  a 
heavy  weight  fixed  at  one  end,  and  a  hook  or  scale  at  ibe  o£er. 

What  Are  some  of  the  defeets  liable  to  be  fimnd  Sn  balancei  f 
How  may  a  fiilse  balanoe  be  detected  ? 

How  ni»j  the  true  weight  of  an  article  be  obtained  by  means  of  isdi 
a  balance  ? 
How  ic  the  action  of  the  steelyard  to  be  explained  ? 
Wliat  is  the  construction  of  the  Danish  baianee  ? 

■   ^  ■■■■■■■■■■■  I  »■■■■■■■      ■^1^— ^■^^■^^^i^^^—^.^i^^^M^.^  I,  ,     I  ■^■— ^^^^^— ^^^— ^1— a^— M^— — ^— 

*  See  Leslie's  Eiementt  of  Natural  Pbiloiophy,  voL  L  p.  180. 
f  Mem,p,  tB7, 
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with'  a  moveable  fulomm,  the  situation  of  which  indieatef  the 
weight  of  any  substance  which  maj  be  tried  by  it.  The  bar  of 
eourae  is  gr^uated*  and  thus  the  weight  may  be  detennined,  bat 
tliB  divisions  becoming  smaller  in  proportion  as  the  weight  in- 
creases, ineonyenience  occurs  in  ascertaining  the  exact  amount  of 
the  wei^t  of  y«ry  heavy  bodies. 

171.  The  weighing-machine  used  at  toU-^tes  on  turnpike- 
roads,  to  discover  the  weight  of  loaded  carnages,  consists  of  a 
system  of  levers  supportii^  a  quadrangular  Hoor,  Four  levers 
turning  on  their  fulcrums  extend  from  tli^  angles  of  a  box  beneath 
the  floor  towards  its  centre  where  they  are  conneoted  together, 
and  also  with  anotheic  lever  extendinj^  across  the  .middle  of  the 
box,  and  passing  beyond  its  limits;  this  last.lever  acts  on  a  fhivd 
which  presses  on  a  spring  or  is  connected  with  the  arm  of  a  ba- 
lance, by  means  of  which  the  amonnt  of  pressure  on  the  whole 
system  may. be  ascertained. 

Tke  WheelandJxU. 

178.  Though  the  lever  may  be  considered  as  the  most  generally 
applieable,  and  consequently  the  most  useful  of  all  simple  ma- 
cnineB,  yet  ftom  the  limited  effect  and  intermitting  action  of  power 
employed  to  overcome  resistance  by  means  of  the  lever,  its  grand 
utiuty  must  ever  be  confined  to  cases  in  which  a  momentary  effort 
is  reauired  to  change  the  place  or  position  of  a  body  of  a  great 
wei^nit,  by  the  application  of  comparatively  small  power,  nnius, 
if  it  DC  necessary  to  tembve  a  heavy  block  of  marble  or  granite 
fnm.  one  place  to  another,  and  a  lever  can  be  a^jplied  in  such  a 
maimer  to  one  side  of  lis  base  as  to  shift  the  position  of  its  centre 
of  gravity  sufficiently  to  make  the  block  turn  over,  it  may  thus  be 
Tolled  to  any  given  distance :  but  supposing  the  utmost  effect  of 
the  lever  be  to  raise  ^e  mass  but  one  inch,  or  any  space  throush 
which  it  would  fall  back  to  its  first  position,  the  lever  alone  woidd 
manifestly  be  quite  useless.  Hence  different  methods  have  been 
eontrived  for  rendering  the  lever  more  effective,  as  by  emftloying 
a  Crerman  machine^  cdled  a  Hebstock,  by.  which  the  weight  is 
propped  or  supported  during  the  intervals  between  the  successive 
operations  of  the  lever;  by  the  French  machine,  termed  Roue  de 
la  Grarosse,  from  the  name  of  the  inventor,  and  by  means  of  which 
a  lever  is  kept  in  a  raised  position  by  a  ratchet  wheel ;  or  by 
osing  the  Umversal  Lever,  which  also  acts  by  means  of  a  ratchet 

To  what  objeetion  is  it  liable  ? 

What  it  the  eonatmetion  of  weighing  maebineB  for  earriares  ? 
What  Mreumstanee  limits  the  utility  of  the  simple  lever?    How  has 
it  been  proposed  to  obviate  this  defect  ? 

*  This  kind  of  wheel  can  only  move  forwards  or  in  one  direction,  be- 
ing prevented  from  taming  Uie  other  way,  by  a  sprinf^  detent  C«\lvtt\\i^ 
tveea  teeth  on  Its  periphery. 
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173.  But  these  modes  of  operation  must  be  neaily  useless 
where  it  is  requisite  to  raise  a  body  to  a  mat  height,  or  move  it 
through  a  considerable  space,  and  for  such  purposes'  may  be  ad- 
yantaffeously  employed  the  wheel  and  axle,  sometimes  called 
Axis  m  Pentrochio,*  which  has  generally  been  ranged  among  the 
the  simple  machines,  or  mechanic  powers,  though  it  is  in  fact  only 
a  more  complicated  form  of  the  lever,  and  it  might  with  propriety 
be  styled  a  peipetual  lever. 

174.  It  consists  of  a  wheel -or  large  flat  cylinder,,  with  a  smaller 
cylinder  passing  through  its  centre,  as  an  axle,  to  which  it  may 
be  fixed  so  as  for  both  to  move'  together  about  the  same  centre, 
or  the  wheel  may  torn  on  its  axle,  m  which  case  the  effect  will 
be  different  from  that  where  the  parts  of  the  machine  are  con- 
nected. 

In  investigating  the  operation  of  the  wheel 
and  axle  both  parts  must  be  considered  as 
turning  on  a  common  centre.  Let  the  an- 
nexed figure  represent  a  horizontal  axle,  rest- 
ing at  its  extremities  on  pivots,  or  supoorted 
by  gudgeons,  so  that  it  may  revolve  nreely, 
carrying  round  with  it  the  attached  wheel 
On  the  axis  is  coiled  a  rope  which  sustains 
the  weight ;  and  round  the  periphery  of  the  wheel  is  coiled  ano- 
ther rope,  in  a  contrary  direction,  to  which  is  suspended  tbe 
power.  Then  supposing  the  machine  to  be  put  in  motion,  the 
velocity  of  the  power  will  be  to  that  of  the  weight,  as  the  circum- 
ference of  the  wheel  to  that  of  the  axle ;  for  it  will  be  perceived 
that  the  power  must  sink  through  a  space  equal  to  the  circum&- 
rence  of  the  wheel,  in  order  to  raise  the  weight  through  a  space 
equal  to  the  circumference  of  the  axle.  And  as  the  momentum 
of  any  body  may  b^  found  by  multiplying  together  its  weiffht  and 
its  velocity,  it  follows  that  if  the  number  of  inches  in  Uie  cir- 
cuit of  the  wheel  multiplied  by  the  number  of  pounds  in  the 
power,  produce  a  sum  equal  to  the  product  of  the  measure  of  the 
axle  multiplied  by  the  number  of  pounds  in  the  weight,  then  the 
power  and  weight  will  remain  in  equilibrium. 

175.  As  before  stated,  the  momentum 
of  bodies  moving  in  circles  will  be  as  the 
products  of  their  weights  and  the  radii 
of  the  circles  they  respectively  describe, 
therefore  when  the  power  bears  the 
same  proportion  to  the  weight  as  the  ra- 
dius CD  or  the  diameter  F  D  of  the  axle  does  to  the  radius  A  B  or 
the  diameter  E  B,  of  the  wheel,  the  machine  will  preserve  the  e^ni- 


flt  name  mi^ht  properly  be  applied  to  the  wheel  and  axle  ?    Of 
does  it  consist  ?    In  what  ratio  are  tbe  power  and  weig;ht  to  each 


What 
what 
other  when  this  machine  is  at  rest  ? 


*  From  the  Greek  a^»v,  an  axis,  and  Ht^iT^sx^^lo  torn  ronnd. 
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Hbriam ;  so  that  the  effect  of  this  machine  will  depend  on  the  snpe^ 
riority  of  the  radius,  or  diameter  of  the  wheel  to  that  of  the  axle. 
176.  The  wheel  may  be  moved  by  a  weight  acting  on  its  peri- 

Shery,  as  already  described ;  by  projecting  pins,  or  by  a  bent  han- 
le,  such  as  is  used  for  the  common  draw-well ;  but  whether  the 
power  be  applied  directly  to  the  circumference  of  the  wheel,  to 
the  extremities  of  the  projecting  pins,  or  to  the  handle,  its  effect 
mnfit  be  estimated  by  the  extent  of  the  circle  described. 

177.  That  the  wheel  and  axle  differs  not 
in  principle  from  the  lerer  mxj  be  demon- 
strated mm  considering  the  efi^t  of  a  sin- 
gle wheel  used  not  for  the  purpose  of  in- 
creasing power,  but  merely  m  order  that  a 
power  may  be  enabled  to  act  in  some  re- 
quired direction.  For  let  C  be  any  weight, 
as  ten  pounds,  suspended  oyer  a  wheel  by 
a  line  held  at  D,  it  will  be  obvious  that 
setting  aside  the  effect  of  friction,  a  power 
equal  to  ten  pounds  must  be  applied  to  keep 
the  weight  equipoised.  Now  the  pivot  on 
which  the  wheel  turns  will  manifestly  be  the  centre  of  motion  or 
fulcrum,  supporting  the  joint  action  of  the  power  and  the  weight; 
and  the  lines  A  E  and  B  E  will  represent  the  equal  arms  of  a  le- 
ver held  in  equilibrium,  like  a  balance  loaded  with  equal  weights. 
178.  A  Venetian  window-blind  is  usually  suspended  in  this  man- 
ner, by  an  endless  line  passing  round  two  whems ;  and  while  both 
sides  of  the  line  are  equally  stretched,  the  blind  will  remain  at  any 
height,  but  destroying  the  equilibrium,  by  pulling  the  line  on  one 
side  or  the  other,  will  raise  or  lower  the  blind  at  pleasure.  In  the 
wheel  and  axle  the  radius  of  the  wheel  represents  the  longer  arm  of 
a  lever,  and  the  radius  of  the  axle  the  shorter  arm;  and  hence  the 
advantage  this  machine  affords.  And  as  its  action  may  be  con- 
tinued indefinitely,  each  revolution  producing  an  uninterrupted 
effect,  the  power  may  be  regularly  applied  till  the  object  in  view 


be  attained. 


179.  One  of  the  most  efficient  forms 
of  the  wheel  and  axle  is  displayed  in 
the  capstan  used  on  board  ships  and  in 
dock-yards.  It  consists  of  a  vertical 
spindle  fixed  firmly  as  in  the  deck  of  the 
vessel,  but  turning  on  its  axis,  and  sup- 
porting a  drum,  or  solid  cylinder  con- 
nected with  it,  and  having  its  periphery 
pierced  with  holes  directed  towards  its 


On  what  will  the  effeet  of  the  wheel  and  axle  depend  p  How  is  the 
effect  of  the  wheel  to  be  estimated,  when  the  cord  is  not  applied  directlj 
to  its  x>ei*iphery  }  How  can  you  prove  the  identity  of  the  wheel  and 
aile,  and  the  simple  lever  ?  Of  what  practical  applications  is  this  machiu^ 
\ef    What  is  the  construction  of  the  ca^ttVsiik,  «&ALViQ^  v^  \\&  ^V- 


Bosceptible 

feet  to  be  computed  / 


H 
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centre.    It  id  then  worked  by  long  levers,  inserted  in  the  holei 
by  men  who  walk  in  succession  round  the  capstan,  and  thus  make 
it  revolve,  while  a  rope  or  cable  wound  about  the  spindle  may  act 
with  force  sufficient  to  weigh  a  ponderous  anchor,  or  warp  a  heavy- 
laden  vessel  into  harbour. 

180.  The  tread  wheel  is  another  modification  of  the  wheel  and 

axle,  in  which  the  weight  of  several  per- 
sons stepping  constantly  at  the  circumfer- 
ence of  a  long  wheel  make  it  revolve  by 
their  weight ;  as  may  be  readily  Compre- 
hended from  the  annexed  figure.  A  some- 
what similar  wheel  turned  by  the  weight 
of  one  man  is  used  in  Persia  and  some 
other  oriental  countries,  for  raisiner  water. 

One  or  more  horses  may  be  made  to  work  a  mill,  by  harness- 
ing them  to  the  extremity  of  shafts  or  lon^  levers  fixed  to  an  axis, 
which  they  turn  round  by  walking  in  a  circle ;  as  in  a  machine 
for  triturating  clay  for  brick-making,  and  in  some  malt-mills.  A 
tread  wheel  of  a  peculiar  form  is  used  in  some  parts  of  the  United 
States  acted  on  by  horses,  oxen,  or  other  animals. 

181.  The  axle  of  a  wheel  sometimes  has  a  conical  or  tapered 
shape,  which  affords  an  advantage  when  a  var3ring  force  is  to  be 
overcome.  The  mainspring  of  a  watch,  the  power  of  which  is 
employed  to  uncoil  a  chain,  acts  thus  on  an  axis,  called  the  fuseO} 
on  the  surface  of  which  is  cut  a  spiral  groove  to  receive  the  chain; 
and  when  the  watch  is  newly  wound  up,  the  spring  acts  with  ill 
greatest  intensity  to  turn  the  fusee  white  the  chain  passin&r  ronnd 
that  part  where  the  diameter  is  shortest,  affords  but  a  smaU  lever- 
age ;  and  as  the  elastic  force  of  the  spring  gradually  diminishes 
by  its  relaxation,  it  obtains  greater  and  greater  purchase  by  the 
increasing  diameter  of  the  fusee  as  the  chain  is  uncoiled  ;  so  that 
by  this  means  an  equability  of  action  is  maintained,  without 
which  the  watch  would  be  useless.  A  similar  contrivance  ii 
adopted  to  equalize  the  effect  of  power  applied  in  raising  ore  from 
a  deep  mine ;  for  the  rope,  when  at  its  greatest  length,  (and  con- 
sequently when  the  resistance  of  the  weight  is  greatest),  is  coiled 
about  the  narrow  end  of  the  axle,  and  the  successive  coils  advance 
towards  the  wider  extremity,  as  the  resistance  diminishes  by  the 
shortening  of  the  rope. 

182.  As  the  efficiency  of  the  wheel  and  axle,  whatever  may 
be  its  peculiar  construction,  is  to  be  estimated  by  the  ratio  of  the 
diameter  of  the  wheel  to  that  of  the  axle,  it  follows  that  increas- 
ing the  former  or  diminishing  the  latter  will  augment  the  effect 
Either  method  may  be  adopted  to  a  certain  extent;  but  if  the  wheel 
be  extremely  large  it  may  be  inconvenient  and  unmanageable ;  and 
on  the  other  hand,  if  the  axle  be  very  slender,  it  wiU  be  w^ 
and  insecure.    Both  these  evils  are  avoided  in  the  constmetioB 

• 

For  what  purpose  is  the  treadwbeel  used  in  Persia  ? 
What  is  the  construction  and  adrantage  of  Uie  watch  fasee  ? 
How  h  the  principle  of  the.  Cusee  a\>V^^^^  '^^  tixVcAtv^  o\^ralloDS  f 
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of  the  doable  ciipstan,  an  inflenion^ 
contrivance,  said  to  have  been  bronffbt 
from  China.  It  consists  of  two  cjfiii- 
ders  differing  in  diameter,  connect- 
ed, as  in  the  margfinal  fignre,  tam- 
ing about  the  same  axis,  while  the 
weight  is  suspended  by  the  loop  of 
a  long  cord,  one  end  of  which  un« 
coils  progressively  from  the  smaller 
cylinder,  as  the  other  laps  round  Hie 
larffer:  thus  the  weight  is  elevated  at 
ea^  revolution  through  a  space  equal 
to  half  the  difference  between  the  cir- 
enmferences  of  the  two  cylinders.  So  that  the  mechanical  ad- 
vantage of  the  machine,  with  its  pulley,  will  be  in  the  ratio  of 
the  diameter  of  the  larger  cylinder  to  half  its  excess  above  that 
of  the  smaller  one ;  and  uierefore  the  equilibrium  will  be  preserved, 
when  the  product  of  the  power  multiplied  by  the  former  b  eooal 
to  that  of  the  weight  multiplied  by  the  latter.  This  is  true  wnen 
the  machine  is  moved  by  a  hand  rope  applied  to  the  larger  cylin- 
der; but  when  the  crank  b  emploved,  twice  its  length  must  be 
substituted  for  the  diameter  of  the  larser  cylinder. 

183.  The  efficiency  of  wheel-work  may  also  be  indefinitely 
augmented  by  a  system  or  composition  of  wheels  and  axles,  as  in 
the  case  of  me  lever  Tlius  the  effect  of  the  power  that  acts  at 
the  eircumlerettce  of  tne  first  wheel  may  be  transmitted  to  the 
circumference  of  its  axle,  witli  which  a  second  wheel  being  con- 
nected may  act  through  its  axle  on  a  third  wheel,  and  so  on  to  any 

given  extent.  One  wheel  may  be  made  to  turn  another  merely 
y  the  friction  of  their  surfaces,  when  but  little  force  is  required; 
but  the  most  direct  and  accurate  method  of  connecting  trains  of 
wheel-work  b  by  teeth  or  cogs,  on  the  peripheries  of  the  wheels ; 
and  on  this  principle  a  great  variety  of  complex  machines  are  con^ 
stmcted.  Different  wheeb  may  also  be  connected  by  a  strap  or 
Inad,  as  b  the  case  with  spinning-wheels  and  the  wheels  of  turn- 
ing-lathes* 

7^  Machine  of  ObKque  AeUon,  or  Mu&ipUed  Cord, 

184.  To  this  kind  of  mechanic  power  may  be  referred  all  those 
eases  in  which  force  is  transmitted  by  means  of  flexible  cords  or 
chains,  from  one  point  to  another.  It  has  also  been  sidled  the 
fnnienlaT  system,  but  as  including  a  variety  of  modes  in  which 
power  can  be  applied  by  means  of  inflexible  rods  or  bars,  as  well 
as  by  flexible  fines,  to  produce  an  equilibrium  depending  on  the 

How  is  the  doable  capstan,  or  diJf'ererUi€U  axle,  formed  ? 
How  much  it  a  weight  elcTated  by  each  turn  of  this  machine  ? 
How  may  the  efficiency  of  wheel-work  be  au^ented  P 
In  how  many  methods  may  motion  be  transmitted  froia  oiift^Vie€l\& 
another/ 
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composition  of  forces,  it  might  be,  perhaps  most  properly,  deaig- 
nated  the  machine  of  oblique  action.  From  the  theory  of  £e 
composition  of  forces,  which  has  been  elsewhere  illnitnted,  it  may 
be  assumed  that  a  force  applied  in  the  proper  direction  will  balance 
any  two  forces ;  but  if  one  of  these  be  sustained  by  some  fixed 
pMnt,  the  first  force  may  be  considered  as  acting  only  against  the 
other ;  and  power  may  thus  be  indefiidtely  augmented. 

186.  Suppose  B  N,  N  C,  C  O,  and 
O  B,  to  be  four  bars  connected  by 
joints  or  hinges  at  B,  N  and  O,  and  by 
a  spiral  luring  passing  firom  the  joint 
B,  so  as  to  unite  it  with  the  comis  of 
the  bars  N  C  and  O  C  at  C.  Pres- 
sure applied  in  the  direction  O  N 
would  elongate  the  spring  witii  an  cnect  which  would  increase 
in  nropoition  to  the  decrease  of  tlie  angle  N  C  O,  so  that  at  the 
couapBe  of  the  bars  B  O  and  C  O  into  a  rectilineal  position,  the 
eflfect  would  be  incalculably  great. 

186.  If  the  end  B  of  a  pair  of  jointed  rods  be  firmly  fixed,  and 
the  extremity  C  made  to  act  by  pressure,  as  by  a 
man  pushing  at  A,  the  foroe  at  C,  when  the  ban  ale 
brought  neany  into  a  straight  line  may  be  eqnal  to 
the  weight  of  many  tons.  On  this  principle  that 
part  of  the  RoBsel  printing-press  is  contnyed  by 
means  of  which  the  paper  is  applied  to  the  types  to 
take  off  impressions ;  instead  of  using  a  screw  turn* 
ed  by  a  IcTer,  as  in  the  common  printing-press. 
The  same  kind  of  mechanic  power  is  employed  for 
extracting  the  steel  core  from  the  hollow  brass  cy* 
Under  used  as  a  roller  in  the  printing  of  cottons ; 
and  Tarious  modifications  of  it  have  been  adopted, 

with  great  adrantage  in  several  operations  of  art,  where  a  vast 
momentary  effort  is  requisite  to  produce  a  given  effect. 

187.  The  theory  of  the  machine  of  oblique  action,  as  it  applies 
to  flexible  cords,  has  been  sufficiently  explained  in  treating  of  the 
composition  of  forces.  (See  35  &  36.)  It  may,  however,  be  here 
stated,  that  if  a  cord  be  acted  on  by  equal  forces  in  opposite  direc- 
tions, its  tension  will  be  measured  by  one  of  those  forces  or 
weights,  and  must  of  course  be  uniform  throughout ;  and  what- 
ever flexures  the  cord  may  undergo,  and  however  numerous  be  the 
fixed  points  it  passes  over,  provided  its  motion  be  unimpeded,  the 
weights  required  to  keep  it  in  equilibrium  must  be  eoual^  But 
if  a  cord  be  listened  at  one  extremity  and  variously  denected,  tfaa 
effect  of  weights  suspended  to  different  parts  of  it  wilMjMnodi- 

On  what  theoretical  principle  is  the  machine  of  oblique  action  founded? 
Illustrate  its  application  in  the  hinged  apparatus  or  toggh^oif^^ 
How  is  this  maebiiie  applied  in  the  printing  press  ? 
For  what  species  of  effort  is  it  peenfiarlj  adapted  ? 
Wimt  motnrti  Ae  tension  of  ^  cord  stretd^ed  b^  equal  weights  at  At 


Bed  Bccordipg  to  their  sitnatioa ;  so  that  a  (Treat  weiriit  acting 
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189.  llua  is  Tsther a eomponnd  than  a  simple  machine;  for 
from  the  inTestigation  of  ita  nature  and  properties  it  will  be  otI 
dent  that  it  ia  merely  a  combination  of  the  wheel  and  axle  with* 
the  multiplied  cord;  and  bb  the  wheel,  thongh  a  very  useful,  ia 
not  an  essential  part  of  the  pullej,  this  machine  maj  be  regarded 
as  a  rarietj  of  the  fanicular  syBtem,  or  multiplied  cord. 

p.,111.11.,1,, in,iii„„ii        IB9.  The  effect  of  asingle  pulley,  or  moveable 

^5  ^k,      wheel  suspended  by  a  cord  from  a  hook  at  a  fixed 

iirWt      po''*')  *"  11  '■^^  annexed  figure,  will  be  to  dimi- 

l^piljlll      ujgii  (|jg  feaigiance  by  one-half,  ro  that  a  power 

mnljjN  equal  to  one  pound  will  support  a  weight  of  two 

Wfjpw        I      pounds.    This  must  be  manifest  from  considering 

■€^      BrU  *'"'  ^^^  ^^^  weight  is  supported  by  the  hook, 

KfKii     PJI  consequently  the  other  half  only  is  opposed  to  the 

Hill     ^"^  power.     The  same  conclusion  will  be   derived 

^B_IU  from  attending  to  tlie  result  of  the  action  of  the 

power  in  raising  the  weight;  for  double  the  length  of  rope  roast 

pass  over  the  fixed  pulley  on  the  side  of  the  power  compared 

with  that  which  passes  over  it  from  the  weight;  so  that  the  power 

must  descend  two  inches  in  order  to  raise  the  weight  one  inch. 

Has  the  power  will  move  as  fast  again  as  the  weight,  therefore 

its  velocity  mnst  be  doable  that  of  the  weight,  and  its  effect  must 

be  increased  by  such  a  pulley  in  the  same  ratio. 

190.  The  Gied  wheel  or  pulley  here,  has  no  other  elfecl  than 
that  of  altering  the  direction  of  the  power. _  fSee  177.)  Though 
a  pulley  might  obviously  be  made  to  act  without  wheels,  and  the 
cord  might  be  deflected  by  passing  through  rings  or  by  other 
means,  so  that  the  wheel  must  be  considered  as  a  sort  of  adventi- 
tious appendage  Co  the  pulley,  yet,  as  already  observed,  it  is  an 
._.. 1 5.1  ___      t^j  ^g  wheel  enables  the  cord  to  ir- — 


freely,  by  destroying  in  a  great  measure  the  friction  which  would 
otherwise  take  place  between  the  cord  and  the  surface  over  which 
it  passes,  and  which  would  weaken,  and  in  some  cases  interrupt, 
lh«  action  of  the  pulley.  The  wheels  also  serve  the  important 
parpose  of  keeping  the  deflftted  parts  of  the  cord  stretclied  in  pa- 
rallel lines ;  for  the  effect  of  ^le  power  would  be  diminished  in 

When  one  eitremUj  of  i  eonl  i>  fintenetl  10  *n  immoyeible  point, 
bov  will  weikhU  npijlied  lo  inlermediite  pnloli  ilTeel  the  cord  I 

Ifov  n)AJ  the  pullej  be  regarded  in  ■  theorelJC»l  view  > 

Hot  are  we  lo  eampule  tbe  efTcel  of  i  lioEle  moieable  pullej  f 

Whst  1i  the  effect  of  ■  lingle  fiied  pullej' ? 

Wib  >■  the  idviDisge  of  the  wheel  in  the  conitKKlJkwa  01  <Cu«  m^ 
cUbcT 


anj  other  poeition  of  the  cord.     'HiilS  irfiea 
'    the  deflecbonH  of  the  cord  form  sn  angle,  b9 
represented  in  the  margin,  the  pMNM  must  be 
equal  M  more  than  half  the  wei^t,  in  order  to 
keep  the  latter  sospcnded;  the  machine  will 
1  become  less  and  less  efficacious  as  the  ai^e 
J  formed  by  the  sides  of  the  cord  increases; 
and  when  the  two  parts  of  the  cord  support- 
ing the  weight  approaeh  nearly  to  a  straight  line,  the  power  nT"~' 


be  greater  t 


m  the  Weight  to  enable  it  to  pieserve  the  eqnilibrinm. 
I  191.  In  the  pulleys  just  described,  is  ei- 
hibited  the  effect  of  the  power  when  the 
weight  i>  partly  eupportea  from  one  fixed 
point ;  but  that  effect  may  he  vastly  angraent- 
ed  by  such  a  system  of  pulleys  as  that  in  the 
annexed  figure,  in  which  the  weight  it  8n(- 
pended  from  the  lowest  of  a  series  of  wbedi, 
each  having  its  own  cord  attached  to  a  fixed 
point.  Here  the  resistance  is  diminished  by 
the  distribution  of  the  weight  over  five  fixed 
±^  points;  so  that  supposing  the  weight  to  ba 
W  thirty'two  pounds,  the  wheel  A,  with  ita  ecnd, 
^-  vrill  support  the  whole  of  that  weight;  the 
wheel  B,  with  its  cord,  half  the  wei^t  o» 
sixteen  pounds ;  C,  one-fourth  of  the  weiriit 
or  eight  pounds;  D,  one-eighth  or  four  pounds; 
E,  one-Bixleenth  or  two  pounds,  which  being 
divided  by  the  two  aides  of  its  cord,  leaves 
but  one  pound  to  be  sapported  by  that  sids 
,  which  is  extended  over  the  fixed  pulley  F  ;  and 
I.  power  equal  ti 


led  pul 


When   (    .      . 

[lasses  over  two  or  more  fixed  and  moveable  pul- 
eys,  the  power  will  be  to  the  weight,  aa  unity, 
or  the  single  part  of  the  cord  sopporting  the 
power,  to  the  number  of  the  deflections  made  by 
-  the  cord  in  passing  over  all  the  fixed  and  move- 
I  able  pullers.  Henceif  the  power  be  augmented, 
so  as  to  raise  the  weight,  the  former  mast  de> 
scend  through  as  many  inches  more  than  the 
latter  ascends,  as  the  number  of  bends  in  the  cord 
supporting  the  lower  block  exceeds  nnity:  that 
is,  ^e  power  must  sink  four  inches  or  feet  to 
elevate  the  weight  one  inch  or  foot ;  and  sncb 
will  be  the  ratio  of  its  efficiency  with  such  pul- 
leys as  that  shown  in  the  marginal  figure,  the 
advantage  guined  depending  on  the  number  of' 
wheels  and  consequent  deflections  of  tne  cord. 
itor  doe)  the  obliquity  of  the  cordi  affect  the  Tduioa  Wt.««*B  lL& 


TBB  INCLINKD  n,*.N«. 
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193.  A  gre&t  Taiietj  of  lyBtemH,  or,  U  thaj 
aie  cominonlj  lerraed  tackles  of  pnlleje,  haie 
been  contiiT^ ;  but  the  advantageB  they  respec- 
tiTely  ofibrd  may  always  be  eatimated  by  lefer- 
ence  to  the  apacea  relaUvet;  described  by  the 
power  and  the  weig-ht  or  reaiatance.  llie  great- 
est incouvenience  occturing  in  the  practical  ap 
plication  of  the  pulley,  is  owing  to  fiictton,  and 
consequent  irregularity  of  action.    Various  plans 


a  proper  number  of  concentric  grooves  c.. 

face  of  a  solid  wheel,  with  diameteis,  as  the  odd 
numbera,  1,  3,  C,  &c.,  for  the  tower  block,  and 
oorrespoDding  groores  on  another  such  wheel, 
with  diameters,  aa  the  even  ^lumbsra,  S,  4,  6, 
>■  tiC.,  for  the  upper  block.  Then  the  coid  being 
f  passed  in  succession  over  the  grooves,  as  repre- 
sented in  the  margin,  it  will  be  thrown  off  by 
the  action  of  tlie  power,  in  the  same  mannei  bh 
if  every  groove  formed  a  separate  and  independentlj  tefolving 
wkeei.  A  majdiine  of  this  constraction  is  called  White's  pnlleyi 
from  the  name  of  the  inventor,  Mt.  James  White,  who  obtained  a 
patent  for  it. 

194.  Tackles  of  pnlleTe  are  used  on  board  ahips,  where  ttie 
wheels  are  lixed  in  blocks,  by  means  of  which  the  eailors  can 
raise  the  masts,  hoist  the  saila,  and  conveniently  perform  other 
ueeeesBiy  operations.  Various  combinations  of  pallejs  are  like> 
wise  used  on  land,  as  by  builders,  in  raising  oi  lowering  great 
weights  ;  and  in  removing  from  one  level  to  another  heavy  bales 
cJ  goods,  OI  other  merchandiie. 

Tfte  IncSned  Plane. 

195.  Thisistheleastcom- 

plicated  of  all  the  simple 
machines.  It  is,  as  the  name 
implies,  a  plane  surface,  sup- 
posed to  he  peifectlr  smooth 
and  unyielding,  inclined  ob- 

. _..,nj  timci  ii  the  power  niqlliplied  br 

I  of  ilUehcit  UH^i  nnd  mDieiible  pulliea  eombined'? 
i)  the  weight  diBlributed  ainoiig:  the  cord*  in  this  kr- 
in^inenl  ?  How  i«  rhe  relation  between  the  power  ind  weight  to  be 
laeoTcred  when  a  linEle  eord  ii  comliined  with  a  tjitem  lomrioKd  nt 
---■—■• blepullie.? 


KHne  of  the  lueful  apiiliutiont  of  Ibe  jhiIIbt. 
What  theorelical   characler   !•   ainimed  in 
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tiqnely  to  a  horizontal  plane ;  and  its  effect,  as  commonly  used,  if 
to  diminish  resistance,  and  thus  enable  a  moderate  power  to  sus- 
tain or  overbalance  a  great  weij^ht.  The  mode  of  action  of  the 
inclined  plane  has  been  already  fully  explained  ^see  93  to  96),  and 
the  method  of  estimating  its  efficiency,  m  any  given  casey  may  be 
readily  comprehended  by  reference  to  the  relative  velocities  of 
two  bodies,  one  falling  through  a  space  equal  to  the  vertical 
height  of  the  inclined  plane,  and  the  other  passing  down  its  de- 
clivity. Suppose  the  heiffht  A  B  to  be  one  foot,  and  the  ind&ied 
surface  A  C  to  be  four  feet,  then  a  weight  of  four  pounds,  W, 
resting  on  the  plane,  will  be  equipoised  by  a  weight  or  oAe  pound, 
P,  hanging  freely  over  a  pulley.  And  as  the  inclined  plane  is 
commonly  employed  to  &cilitate  the  rolling  or  shifting  of  ponder- 
ous bodies  from  a  lower  to  a  higher  level  through  a  moderate 
space,  its  efficiency  will  be  in  the  ratio  of  the  length  of  the  inclin- 
ed plane  to  its  vertical  height ;  thus  with  the  machine  just  de- 
scribed, one-fourth  of  the  force  necessary  to  lift  a  great  wttght 
through  the  space  A  B,  or  the  vertical  height,  would  l>e  sufficient 
to  impel  it  up  the  declivity,  from  C  to  A. 

196.  In  this  more  than  m  most  other  machines  great  allowance 
must  be  made  for  the  effect  of  friction,  which  must  materially 
modify  any  calculation  as  to  the  advantage  it  affords.  Instances 
of  the  application  of  the  inclined  plane  to  practical  purposes  so 
frequently  occur,  that  it  can  scarcely  be  necessary  to  sidvert  to 
them.  Koads  formed  on  declivities  are  a  kind  of  inclined  planes ; 
and  railways  are  sometimes  thus  constructed,  in  such  a  manner 
that  any  weight,  as  a  loaded  sledge,  may  be  made  to  ascend  one 
plane  or  inclined  railroad  by  the  impulse  of  another  carriage  with 
which  it  is  connected,  and  which  passes  simultaneously  down 
an  adjoining  railroad. 

197.  The  very  simple  nature  of  the  inclined  plane  renders  it 
probable  that  it  was  the  earliest  of  the  mechanic  powers  known 
and  brought  into  use.  It  has  been  conjectured  that  it  was  em- 
ployed by  the  Egyptians  in  raising  the  immense  blocks  of  stone 
which  form  the  pyramids,  and  in  executing  other  ^gantic  works, 
which  have  excited  the  astonishment  of  successive  ages.  Mr* 
Warltire,  a  gentleman  who  delivered  lectures  on  natursS  philoso- 
phy, in  the  latter  part  of  the  last  century,  endeavoured  to  prove 
that  the  ancient  British  Druids  were  the  munders  of  Stonehenge, 
on  Salisbury  Plain ;  and  that  they  erected  the  massive  trilithons, 
which  partly  compose  that  curious  structure,  by  rolling  or  rather 
by  shifting  the  transverse  blocks  into  their  places  by  means  of 
temporary  incl'ned  planes  of  earth  or  rubbish,  forming  a  sort  of 
road-ways  for  the  passage  of  the  several  block.   The  annexed  figure 

How  is  its  meehanieal  efBoiency  estimated  ? 

What  familiar  applications  of  the  inclined  plane  may  be  enumerated  ? 
What  conjectures  have  been  formed  respecting  its  use  among  the  an- 
cients f 
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will  afford  a  sufficiently  accurate  idea 
of  one  of  the  trilithons  of  Stonehenge, 
and  when  the  structare  was  perfect, 
several  of  these  were  arranged  in  a  cir- 
cular figure.  It  will  not  be  difficult  to 
conceive  that  a  slopinff  bank  or  decliri- 
tj,  having  but  a  small  degree  of  incli- 
nation*  miftht  be  formed,  up  which  any  mass  might  be  impelled 
or  dragged,  with  a  force  not  much  greater  than  would  be  required 
to  draw  or  push  it  forward  cm  level  ground. 

7^  Wedge, 

198.  A  wedge  is  the  solid  figure  called  by  Gacmietriciaiit  a 
triangular  prism,  bounded  on  two  sides  by  equal  and  similar  tri^ 
angles,  and  on  the  other  three  sides  by  rectangular  parallelograms. 
It  IS  composed  of  two  inclined  planes  united  at  their  bases ;  as 

will  appear  from  the  annexed  representation.  Its 
use  is  to  divide  solid  bodies,  the  edge  E  F  being 
impelled  against  them  by  pressure  or  some  other 
force  applied  at  the  surface  A  B  C  D ;  and  if  the 
forc^  be  estimated  by  its  weight,  its  effect  will  be 
in  the  ratio  of  the  line  D  F  to  the  line  G  D,  that 
is  as  the  sides  of  the  wedge  to  its  breadth.  So 
that  the  advantage  deriv^  from  using  this  ma- 
chine inoieases  in  proportion  as  the  angle  which  forms  its  edge 
diminishes.  But  the  wedge  b  generally  used  for  cleaving  blo<^ 
of  wood  or  other  hard  substances,  and  the  force  applied  to  it  is 
that  of  percussion,  with  a  heavy  hammer  or  mallet,  the  effects  of 
which  are  so  different  firom  those  of  direct  pressure,  and  are  so 
much  modified  by  circumstances,  as  to  render  any  theoretical  cal^ 
culation  utterly  inaccurate  and  useless. 

199.  It  appears  from  the  results  of  some  experiments  made  in 
the  Dock-yard  at  Portsmouth,  England,  on  the  comparative  effect 
of  driving  and  pressing  in  lar^e  iron  and  cop^  bolts,  that  a  man 
of  medium  strength  stimng  with  a  mall  weighing  eighteen  poun^ 
and  havinff  a  handle  forly-^our  inches  in  length,  could  start  or 
drive  a  bolt  about  one-eighth  of  an  inch  at  each  blow ;  and  that  it 
required  the  direct  pressure  of  107  tons  to  press  the  same  bolt 
throufffa  that  space,  but  it  was  found  that  a  small  additional  wei^t 
would  press  the  bolt  completely  home.* 

200.  But  numerous  and  varied  experiments  would  be  requi- 
site to  obtain  any  results  which  might  afford  data  for  computing 

What  Ib  the  ^ometrieal  form  of  the  wed|^e  f  Whftt  relation  has  the 
advantage  of  this  machine  to  the  angle  formed  at  its  edge  ?  Of  what 
aatare  are  the  forees  usually  applied  to  the  wedge  } 

What  bat  experiment  proted  in  regard  to  the  difference  between  prea» 
sure  and  perenssion  ? 


■4aMi7v^Ra>^Mii!VB^n«^ 


iij>  J  »Hmi 


m  *■ 
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the  effect  of  impact  or  percassion  on  wedge-shaped  bodies; 
and  if  that  effect  could  be  exactly  estimated,  further  difficulties 
would  arise  from  considering  the  very  heterogeneous  nature 
of  the  resistance,  depending  on  the  relative  hardness,  tenacity, 
and  other  properties  of  those  substances  on  which  the  wedffe  is 
made  to  act.  This  instrument  must  therefore  be  regarded  as 
one  the  effect  of  which  can  seldom  be  precisely  detennined  ;  bat 
which  notwithstanding  may  be  often  very  advantageously  employ- 
ed in  certain  circumstances. 

201 .  Among  the  less  frequent  modes  of  application  of  the  wedse 
may  be  mentioned  its  having  been  used  to  restore  to  the  perpenm- 
cular  position  a  building  which  declined  slightly  in  consequence 
of  some  defect  in  the  foundation.  The  voussoirs  of  arches  are  so 
many  wedges ;  and  piles  used  for  the  foundation  of  the  piers  of 
bridges  may  be  considered  as  wedges,  driven  into  the  bed  of  a 
river  by  the  percussion  of  a  powerful  machine.  Sharp-edged  and 
pointed  instruments  in  general  act  as  wedges ;  thus  chisels,  planes, 
and  axes  used  by  carpenters  manifestly  produce  the  effect  ctf 
wedges ;  and  knives,  razors,  awls,  pins,  and  needles,  and  indeed 
all  cutting  and  piercinff  instruments  display  an  obvious  analogy 
to  the  common  forms  of  this  mechanic  power. 


2^  Screw. 

202.  The  screw,  though  commonly  reckoned  among  the  me- 
chanic powers  or  simple  machines,  cannot  be  considered  as  sueh 
when  applied  to  any  practical  purpose,  as  it  would  be  found  almost 
wholly  ineffective  without  the  assistance  of  the  lever,  which  is 
therefore  usually  combined  with  it,  and  thus  it  becomes  a  most 
powerful  machine,  applicable  to  a  variety  of  important  purposes. 
The  venend  form  of  the  screw  must  be  too  well  Known  to  require 
descnption :  it  majr  however  be  stated,  that  it  consists  of  two 
parts,  namely  a  solid  cylinder,  sometimes  called  the  male  screw, 
and  a  corresponding  cylindrical  cavity,  to  receive  the  former  part, 
and  therefore  styled  a  female  screw ;  round  the  surface  of  the  cy- 
linder passes  what  is  termed  the  thread  of  the  screw,  describbg 
from  one  end  to  ^e  other  a  curve  sometimes  inaccurately  represent- 
ed as  a  spiral,  but  which  is  really  a  helix,  precisely  resembling 
a  common  corkscrew,  which,  in  fact,  is  notning  more  than  tiie 
helical  thread  of  a  screw  without  the  core.  "Die  hollow  screw 
has  a  similar  helical  thread  winding  within  it,  exactly  adapted  to 
the  interval  between  the  turns  of  tiie  thread  of  the  solid  screw; 

Why  is  the  actual  effect  of  the  wedge  more  difficult  to  be  eoropnted 
than  that  of  other  machines  ? 

Of  what  applications  is  the  wedge  susceptible  in  the  art  of  arehitee* 
tare? 

Name  some  of  the  familiar  applications  of  the  wedge  in  ordinary  in- 
struments. 

What  is  the  nature  of  the  screw  in  its  practical  structure  ? 


B 
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and  thud  either  part  being  made  to  revolye  while  the  other  is  kept 
Bte»adY,  motion  or  pressure  may  be  prodnced  to  any  extent.* 

203.  In  order  to  obtain  a  correct  estimate  of  the  mechanical 
effect  of  the  screw,  it  will  be  necessary  to  develope  its  eonstroe- 
tlon,  from  which  it  will  appear  that  it  is,  in  principle,  identical 
with  the  inclined  plane ;  and  it  might  be  conceivea  to  act  as  a 
system  of  reyolyin?  inclined  planes.  This  will  appear  from  refer* 
ence  to  the  annexed  figure.    Let  A  B  C  D  represent  a  cylinder 

divided  longitudinally  mto  a  number  of 

equal  parts,  B  a,  a  b,  &c.,  and  let  lines  a 

^  e,  bff  &c.,  be  drawn  perpendicular  to  the 

^J^'^UL^I^^]'^^     f  side  A  B,  each  equal  to  the  circumference 

y  of  the  base ;  then  by  joining  B  e,  af,  b  g^ 
eh,  will  be  formed  so  many  riffht-angl^ 
triangles  B  a  e,  a  bf,  beg,  e  a  h,  3S  the 
number  of  equal  parts  into  which  the  cy- 
linder has  been  divided.  Now  suppose 
these  triangles  to  be  rolled  upon  the  cylin- 
der, so  that  the  point  e  should  coincide  with 
the  point  a,  /with  b,  g  with  c,  h  with  d,  and  so  on,  the  hypothe- 
nuses  or  longest  lines  of  the  triangles,  Be,af,  bg,  eh,  &c.  would 
form  on  the  surface  of  the  cylinder  one  continued  helical  line,  re- 
presenting the  thread  of  a  screw.  These  triangles  might  be  con- 
sidered as  a  series  of  inclined  planes ;  and  therefore  if  such  a 
screw  were  fitted  to  a  hollow  or  female  screw,  fixed  so  that  the 
former  might  act  vertically,  it  will  be  obvious  that  one  revolution 
of  the  male  screw  would  raise  or  depress  it  through  a  space  equal 
to  the  heiffht  of  one  of  the  inclined  planes,  and  the  effect  of  the 
screw,  independent  of  fnction,  would  be  as  the  length  of  its 
base  to  its  height,  or  as  die  line  a  e  to  B  a.  If  then  B  a  be  i  of 
an  inch,  and  a  e  l^in.  or  12-8,  a  power  equal  to  one  pound  acting 
by  means  of  the  screw  would  balance  a  resistance  equal  to  twelve 
pounds.  Tlie  power  must  here  be  supposed  to  act  parallel  to  the 
iMise. 

What  U  the  distinetion  between  a  helix  and  a  spiral  ? 

How  it  an  aeearate  estimate  of  the  effect  of  the  tei*ew  to  be  obtained  ? 

With  what  other  simple  maahine  is  its  principle  of  action  to  be  com- 
pared ?  How  much  does  one  turn  of  the  screw  raise  the  weight  or  re- 
moTe  the  resistance  ? 

*  A  spiral  or  TolaCe  is  a  line  which  can  be  described  on  a  plane ;  but 
no  two  points  of  a  helix  ai*e  in  the  same  plane,  and  therefore  it  cannot 
be  correctly  described  on  a  plane  surface. 

Spiral  Line.  Helical  Line. 


S04.  Bat  the  resistaDce  BriBing-  from  frictiDn  lietween  the  put* 
of  the  HoJid  and  the  hollow  screw  would  in  most  CBses  requra 
gregit  sdditionaJ  power  to  produce  any  coosidenible  effect.  TTiia 
Sierefore  renders  the  application  of  a  leyer  neceseary  to  conatitBia 
the  screw  an  effective  machine.  The  lever  may  be  added  to  tha 
■olid  screw,  to  turn  it  within  a  &zed  hollow  screw ;  oi  to  the 
hollow  screw,  to  turn  it  round  the  solid  (crew.  The  msnwir  in 
which  the  lever  is  applied  in  either  case  will  appeal  frma  th* 
following  fi^pues ;  the  former  of  which  shows  how  pressnie  maj 


T^-A 


be  produced  by  b  solid  screw  acting  within  a  hollow  screw  in  • 
fixed  beam ;  and  the  latter  exhibits  £e  similar  effect  of  a  hollow 
screw  pierced  in  a  block  turning  by  means  of  a  hvet  on  a  fixed 
screw  i  the  pierced  block  thus  adapted  to  a  aoUd  screw  is  called 

S05.  As  the  effect  of  the  screw  is  always  to  be  eatinieted  by 
the  proportion  between  the  space  described  by  the  power,  in  one 
revolution  of  the  screw,  and  the  space  between  any  two  of  its 
contiguous  threads,  it  must  follow  that  when  the  power  is  appli- 
ed to  a  long  lever  instead  of  being  made  to  act  directly  ob  die 
circumference  of  the  screw,  the  effect  must  be  vastly  augmeated. 
Thus  if  the  threads  of  a  screw  be  as  much  as  half  an  inch  apart, 
and  it  be  turned  by  means  of  a  lever  eiCendinc  three  feet  from 
the  centre  of  the  screw,  Ihe  effect  or  advantage  of  such  a'maofaice 
will  be  as  the  number  of  half  inches  in  the  space  described  by  the 
extremity  of  the  lever  to  unity.  Now  reckoning  the  circumler 
ence  of  a  circle  in  round  numbers  to  be  three  times  its  diameter, 
the  circumference  described  with  a  radius  of  three  feet  will  be 
3G  X  3  =  73  X  3  =  316  inches,  aiul  double  that  number,  or  438 
to  1   will  be  the  measure  of  the  advantage  afforded  by  the  map 

.306.  Hence  it  will  be  apparent  that  the  efficiency  of  the  screw 
acted  on  by  the  lever  might  be  indefinitely  increased  by  extending 

whil 

i>  Ihe  efl^t  of  (he  urc« 
How  far  mighl  the  eflioienoj  of  the  mtv,  ilieoreUeally  oouudend, 
fie  ineretied  ? 
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the  length  of  the  lerer,  or  by  diminiahing  the  inteiral  between 
the  thr^ds  of  the  screw.  But  a  very  lonv  lever  would  be  awk' 
ward  and  iaconTeaient,  and  extremely  min  threade  wonld  be 
broken  bj  the  pressure  when  any  considerable  force  wu  applied 
lo  turn  the  Krew ;  bo  that  either  method  of  improTing  ita  action 
eonld  be  practically  aerriceable  only  to  a  limited  extent.  There 
ia,  faowBTer,  a  kind  of  double  or  compound  screw,  invented  by 
John  Hunter,  the  celebrated  surgeon,  bearing  mach  analogy  to  ttie 
doable  capstan  or  axle,  already  described,  (see  183)  by  means  of 
which  the  mechanical  efficacy  of  the  machine  may  be  augmented  to 
any  extent  withont  at  a!1  diminishing  its  strength  or  compactness. 
307.  "^B  marginal  figure,  which  will  show  how  this  object  is 
attained,  represents  a  larger  screw  turning  in  a  hollow  acrew  or 
— It  in  the  fixed  beaia,  and  having  within  it  a 
Dcare  screw  adifited  to  the  lower  or  smaller 


SBther,  in  enoh  revolutioQ,  the  moreable  beam 
I  be  pressed  downwat^  through  a  space 
equal  to  the  difference  of  the  distances  between 
the  threads  of  the  larger  and  the  snalier  sciewa. 
Therefore  such  a  machine,  in  wbich  (he  threads 
of  the  upper  screw  were  1-30  of  an  inch  E^art, 
1  end  those  of  the  lower  screw  1-21  of  an  inch, 
■I  wonld  have  the  same  effect  as  a  simple  screw, 
the  threads  of  which  were  only  1-430  of  an  inch  apart ;  for  1-30 
— 1-91  oi  1-430,  the  difference  between  the  distances  of  the 
threads  of  the  double  screw  just  described. 

806.  A  solid  screw. Te*(>lTiiig  on  fixed  axes,  and  having  its 
thread  adapted  to  teeth  on  (he  periphery  of  a  wheel,  is  called  an 
endless  screw ;  forming  a  part  of  a  compound  machine  of  consi- 
derable power  and  utili^.  Fly-wheels,  as  that  of  a  conunon  jack 
fbr  raastug  meat,  are  sometimes  turned  by  the  action  of  a  toothed 
whed  on  an  endless  screw. 

S09,  Beaidea  its  usual  application  to  the  purpose  of  producing 
a  high  degree  of  compression,  as  in  the  cider-mill,  the  common 
printm^-preaa,  and  a  variety  of  similarly  acting  machines,  the 
•crew  IS  likewiie  employed  to  measure  extreroely  minute  inter- 
vals of  space.  Ilie  manner  in  which  this  object  is  attained  will  be 
best  onderMood  by  referring  to  the  theory  of  the  screw,  (see  305) 
where  it  is  demonstrated  that  any  circle  described  by  an  arm  or  index 

Bt  what  too  mpedienti  migfal  thii  inerBsK  be  efiected  > 
What  pnetieal  dlScuItie)  preTcnt  the  unlimiled  lugiueatitioa  of  tha 
poser  of  the  urov  I 
What  Ii  Uh  oonMrnelion  of  Hunter'i  difierentinl  Hireir  ! 
ThroB^  vhat  ealent  doei  a  •iii|;le  turn  of  tbi*  Mre«  iudtc  the  platen 

InvbMmaDD 


r  ii  the  endlen  or  tangcntUl  n 


I  applied  for  n 


i_ 


98  MECHANICfl.  ■^' 

revolyin^  parallel  to  ^e  circumference  of  the  screw  will  liftve  i 
certain  relaticui  to  the  space  between  any  two  contigaooB  threads; 
and  therefore  a  small  arc  of  such  a  circle  maj  be  conoeiTed  to 
measure  the  indefinitely  minute  space  through  which  the  point  of 
the  screw  would  adyance  or  retreat  in  any  gLyea.  portion  of  oos 
complete  revolution  of  the  screw.  Suppose  the  tnreads  to  be  i 
of  an  inch  apart,  and  a  circle  fixed  to  the  head  of  the  screw  to  bs 
divided  on  its  border  into  100  equal  parts,  then  on  taming  As 
screw,  the  index  would  show  the  motion  of  the  point  of  the  screw 
through  as  small  a  space  as  1-400  part  of  an  inch.  The  inteml 
between  the  threads  of  a  screw  for  such  a  purpose  might  be  ex- 
tremely minute,  or  Hunter's  screw  might  be  adopted ;  and  the 
circle  of  equal  parts  might  be  of  sufiicient  extent  to  be  divided 
into  360  degrrees,  or  any  larger  number  of  parts ;  and  thus  the 
means  would  be  afforded  for  measuring  with  perfect  acooracy  tlie 
almost  invisible  fibre  of  a  spider's  web,  or  for  taking  the  dimen- 
sions of-  the  capillary  vessels  throu^  which  circulate  the  juices 
of  plants  and  animals,  or  for  discQvenng  the  size  of  microaoopie  IB- 
sects  or  other  objects  too  minute  to  be  perceived  by  the  nalrad 
eye.  An  instrument  adapted  to  a  microscope  for  such  purposes 
is  called  a  micrometer,*  and  its  screw  a  micrometer  screw. 

Compound  Machinery, 

210.  The  advantage  derived  from  combining  together  two  of 
the  mechanic  powers,  as  the  lever  with  the  wheel  and  axle,  or 
with  the  screw,  has  been  already  detailed ;  and  it  is  by  means  of 
combinations  of  the  simple  machines,  under  their  various  modifi- 
cations, that  a  vast  multitude  of  complex  machines  are  prodaeed« 
which  are  adapted  to  facilitate  the  numerous  operations  required 
in  the  several  departments  of  the  arts,  manufactures,  and  domes- 
tic economy. 

211.  Among  all  the  simple  machines  there  is  no  one  so  g<rae- 
rally  useful,  and  therefore  so  frequently  making  a  part  of  com- 
pound machinery  as  that  modification  of  the  lever  called  the  wheel 
and  axle.  Its  advantageous  adaptation  to  the  purposes  of  the 
mechanist  is  partly  owin^  to  the  nature  of  the  motion  to  which 
it  gives  rise,  namely  rotation,  which  is  capable  of  being  uninter- 
ruptedly continued  through  a  period  of  indefinite  extent ;  and  to 
this  advantage  may  be  addea  the  extreme  facility  with  which 
wheels  may  be  connected  in  various  modes  with  other  kinds  of 
machinery.    Hence  there  are  few  complex  machines  of  which 

What  is  the  construction  and  use  of  the  micrometer  screw  ? 

On  what  are  the  divisions  of  a  thread  measured  in  a  screw  of  this  de- 
scription ? 

In  what  manner  are  the  simple  machines  commonly  adapted  to  the 
mechanic  arts  ? 

By  what  peculiarity  is  the  wheel  and  axle  rendered  more  serviceable 
to  the  mechanist  than  the  other  simple  machines  ? 

*  From  the  Greek  Mixpo;,  little;  and  Mirpev,  a  meator*. 
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wheels  io  not  constitate  the  niiost  effective  or  essential  parts. 
Thus  are  fimned  a  vast  variety  of  mills,  from  the  coffee-mill  to  the 
powerful  and  complicated  engrine  Called  a  rolling-mill,  for  com- 
pressing plates  of  iron  and  cutting  them  into  rods  or  bars ;  all  the 
multifarious  kinds  of  wheel-carriages ;  turning-lathes,  and  grind- 
in^;Hnachines ;  clocks,  watches,  and  timekeepers,  in  general; 
fijpuming-jennies,  and  many  o^er  machines  used  in  the  cotton, 
Imen,  woollen,  and  silk  manufactures ;  and  steam-en^nes  under 
many  of  their  modificati<»is,  to  accommodate  them  to  me  purposes 
to  which  they  are  devoted. 

Sid.  The  peculiar  methods  in  which  the  parts  of  machinery 
are  connected^  or  the  modes  of  action  of  one  mechanic  power  upon 
another,  or  upon  a  different  form  of  the  same  power,  are  variously 
diversified  to  suit  particular  purposes.    The  wheel  and  pinion, 

represented  in  the  margrin,  consists  properly  of 
two  wheels  of  unequal  dimensions,  the  larger 
having  teeth  on  its  circumference  which  are  adapt- 
ed to  correspondent  teeth,  or  as  they  are  some- 
times called  leaves,  in  the  smaller  wheel  or  pinion : 
thus  a  pinion  may  be  made  to  act  on  a  crown 
wheel,  that  is  a  wheel  with  teeth  placed  at  right  angles  to  its 
circumference ;  as  may  be  observed  in  a  watch,  or  tmiekeeper. 
The  endless  screw  is  connected  with  the  teeth  of  a  wheel  in  the 
manner  represented  in  the  annexed  figure. 

21 3«  A  little  attention  to  the  mode 
of  action  of  many  machines  in  con- 
stant use  will  afford  opportunities  foi 
observing  numerous  instances  of  the 
different  ways  in  which  trains  of 
wheel-work  are  combined  together, 
or  made  to  aid  the  effect  of  the  other 
mechanic  powers.  T^ese  are,  how- 
ever, generally  reducible  to  two  me- 
thods of  proceeding,  namely,  either 
by  teeth,  cogs,  or  some  similar  parts, 
acting  against  each  other,  as  just 
described ;  or  by  bands,  as  cords, 
chains,  or  other  flexible  lines  passing  wholly  or  in  part  round  one 
or  more  wheels  and  axles,  so  as  to  produce  simultaneous  motion. 
314.  With  respect  to  the  use  of  either  of  these  methods,  it  is  of 
importance  to  observe  the  peculiar  nature  of  rotatory  motion,  which 
differs  most  essentially  from  what  is  termed  a  motion  of  translation, 
or  passage  firom  one  place  to  another,  though  it  may  or  may  not 
accompany  such  a  motion.    Suppose  any  body,  as  a  billiard-ball, 

Eirainermta  some  of  the  applieationi  of  wheel-work.  Describe  the 
wheel  and  pinion. 

By  what  two  methods  is  motion  eommonieated  from  one  part  to  an« 
other  Id  a  system  of  wheel-work  ? 

-How  does  a  motion  of  simple  rotation  differ  from  w^«  o^  Xxvsk^o 
riw? 


*  >  t  \  'y 
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1^  CT  tlie  bad  mnBt  h«?»  p«rtdB»  of  ifi  modal  1 

Imt  if  if  be  made  to  w»fai  wwmd  fai  w  piici; 
the  centie  of  tke  ball  will  raMdn  immofed ;  for  imagiBe  «rhIi  a 
ball,  or  a  large  gldbokr  bead  to  bepioioed  oeatiieall  j,  and  Imna 
a  wire  passed  tfintu^  ift,  the  ball  might  be  made  to  nvohna  vHh 
anj  degree  ol^y^oonj,  wliile  the  wire  was  held  peffcodr  ataadv^ 
316.  Leta  eireiilardiakofpaperoraiiylfalBMbataaMbaaHMb 

to  rerolve  in  this  aiaBaMr,  oa  a  pia,  it  wiiTba 
perceived  that  the  ^ztorior  sofnipa  of  aafcih  a 
miidatiirs  wheel  mast  move  wt%  gtnaliriw- 
looi^tiiaa  any  other  part;  sotiM  IhrapoiHt 
A  wul  pass  over  taore  spM  la  eaaii  iMla* 
tioa  of  the  wheel  than  the  peiat  B}  alid  te 
latter  over  more  ihaa  tiie  laterior  vatai  C. 
Hence  it  mast  follow  ftitt  ev«rj  einl»  iritt^ 
Oie  efarcamforeaee  of  >a  lerolTuig  wh^^tfCD 
have  a  relative  vdocity  eorres^oiidinf  with  its  diaaMleri  «o  thU 
the  degree  of  v^ooity  oommameated  by  a  wfieel  la  molloii  tofsaM 
otiier  part  of  a  compooBd  machine  must  depend  mot  meiaiNf  SB  the 
aotaal  velociur  of  me  wheel,  but  on  that  taken  in  omilnaelumwlfr 
the  relative  dutanee  from  its  eeatie  at  whieh  the  rwwnmaiiwitinii 
takes  place ;  whether  it  be  by  meuis  ci  teeth,  projeetiag  ^ias^  e* 
cords  miming  in  grooved  ea'nties. 

816.  When  terai  are  made  tfie  mediom  for  the  commnnieatkn 
of  impulse,  their  peenliar  form  requires  attentioBi  bH  It  Mb  hsie 
only  be  generally  stated  that  the  teeth  shoald  be  ao  eeaatmciiBd 
as  to  act  upon  each  othCT  steadilyi  withouit  j/eMnm  or  voMaff, 
whieh  wmud  soon  derange  the  maiaiine ;  and  that  me.  taatfi  pifft 
accurately  adapted  to  produce  the  required  efleet,  ait»  amh  aahliaB 
tiieir  corresponding  surfiMses  fornung  peculiar  eoivaa,  tha  aaB|lt 
figure  of  which  in  any  ease  may  be  asoertauied  by 
construction.* 

S17.  It  is  likewise  desirable  limt  the  teeth  of  one  wheat 
work  successively  in  thoee  of  tiie  oorrespmiding  wiiedl,  mad  that 
the  same  teeth  shoald  not  meet  In  each  consecutive  revohitiim  of 
the  larger  wheel ;  as  thejr  will  thns  act  more  unifofmly,  and  wear 
away  more  slowly  tiian  if  the  same  teeth  eame  in  eontiBt  aaes 
frequently,  lliis  object  is  efibcted  by  making  the  anmbaaa  of 
the  teeth  of  wiieels  aotmg  together,  or  of  a  wlm  and  itt  pMtat 

How  may  this  difEBrenee  be  iUuttrated  ia  the  motfoM  of  S  bllBaid- 
baU? 

Bj  what  will  die  vdoelty  of  motion  of  etery  eirele  hi  a  iinslils| 
wheel  be  determined  ? 

On  what  two  oireumttaaaes  in  a  drMtig  whe&  will  die  dqgrce  of  fe» 
loei^  in  the  driven  maehinerj  depend  ? 

What  eiraomstanee  requires  pakioalar  attentioa  In  die  oonslfaetioii  sf 
toothed  wheeli  ? 

■  ..■..»—■■.  t  L  11 
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IS  disootdant  aa  possible  i  so  that  the  ntuaber  o(  ihe  teeth  in  Ihs 
uobII  wh«e1  maynever  be  aa  aliquot  part  of  the  Dumber  is  ^e 
laiver  wheel-  llius,  if  a  irheel  of  uxtj  leeUi  be  turned  bj  a 
pimon  haviag  but  ten,  eaeb  of  the  lattt^r  would  come  in  contact 
vith  the  Sams  teeth  of  the  fonner  in  each  of  its  Tsrolatians,  or 
in  eTcrj  sixth  revolation  of  the  pinion ;  but  if  the  larger  wheel 
have  sixtT'one  teeth,  it  must  be  manifest  that  no  two  corresponding 
tseth  of  ue  wheel  and  pinion  lespectiTely  can  meet  more  than 
ones  in  eveij  sixty-one  lerolntions  of  the  pinion,  dniing  which 
the  wheel  will  have  revoWed  ten  times.  The  odd  tootn  or  cog 
bj  which  Ihia  effect  is  produced  is  called  by  millwrights  die 
hunting^qg. 

318.  hx  the  construction  of  complex  machines,  it  is  not  merely 
requisite  that  they  should  afford  the  means  of  communication  be- 
tween the  power  and  the  resistance,  and  enable  the  fonner  to 
overcome  the  latter  by  the  combined  assistance  of  two  or  more 
of  the  mechanic  powers,  or  simple  machines ;  but  it  also  often 
beconoes  an  object  of  (he  highest  importance  to  change  the  di- 
rection of  any  pTen  moving  power  or  acting  force,  without  which 
it  may  be  utterly  inapplicable  to  the  intended  purpose,  and  there- 
fore quite  useless. 

919.  Reciprocating  rectilinear 
motion  may  be  c banged  into 
circular  motion,  by  a  crank  ap- 
olied  to  turn  a  wheel,  as  may 
be  seen  In  the  common  knife- 
idine  machine,  and  in  the 
tiiming^alhe ;  and  the  same  eP- 
'  feet  is  produced  by  what  has 
■  been  fancifully  styled  the  sun 
and  planet  wheel,  represented 
"n  the  margin ;  one  wheel  fixed 
,t  the  extremity  of  a  vertical 
rod  which  rises  and  falls  alternately,  acting  by  teeth  on  its  peri- 
phery on  a  similar  wheel  to  which  it  communicates  a  double  ve- 
loci^ ;  and  Ihas  the  dy-wheBl  of  a  steam-engine  was  formerly 
made  to  rerolTe,  but  tius  method  is  now  generafry  superseded  by 
the  crank. 

S30.  The  opposite  effect  of  curvilinear  motion  producing  alteiv 
nate  rectilinear  motion  may  be  obeerred  in  the  manner  of  working 
the  pistons  of  an  ur-pnmp,  or  a  fire-engine,  as  in  the  mai^nai 
figure  below.  A  very  ingenious  contrivance  for  the  conversion  of 
rectilinear  into  cnrvilinear  motion,  or  rather  for  producing  an  ac- 
curate correspondence  between  such  motions,  is  display^  in  the 

How  ii  the  irregnlirilT  of  aeir,  froia  (he  frequeiit  meeling  of  ihe 
ume  l«th  in  a  wheel  and  pinion  to  be  sioided  >  Wbat  ii  meant  liy  a 
'  lUaaing  ccg  f" 

How  msj  reciprocating  mtilinnr  molion  be  ohinged  into  iinNSai 

Huw  is  amIlSaemr  eooTerttd  into  rectilinear  recJ^DKsiCkiiStiuAJmk'* 
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system  of  jointed  bars  used  to  connect  the  piston-rodfl  of  tlis 
steam-engine  and  its  air-pump  with  the  great  beam,  whoee  le^ 
procating  motion  transmits  the  necessary  force  to  the  fly-wheel 
and  other  parts  of  the  machine.  A  much  clearer  idea  of  the  natnie 
of  this  contriyance,  termed  the  parallel  motion,  may  be  attained 
from  inspecting  a  steam-engine  at  work,  than  from  a  detailed  de- 

scri]f  tion,  eren  with  the  aid  of  a  figoie  lepieeeo^ 
ing  Its  construction. 

291.  The  uniTersal  joint,  invented  by  the  cale- 
brated  Dr.  Robert  Hooke,  affords  a  simjple  and 
efficient  mode  of  transferring  rotatory  motion  from 
one  axis  to  anolber  in  an  angular  direetion;  but 
this  may  be  done  with  greater  acouacy  by  means 
of  beTeled  wheels,  which,  as  will  be  undMVtood 


from  the  foregoing  figures  may  be  made  to  act  on  each  oflier  at 
any  angle  whatsoever. 

222.  The  regulation  of  the  veloci^  or  rate  of  motion  is  of  the 
highest  consequence  to'insure  the  efficiency  of  compound  macbhM- 
ry.  When  two  or  more  of  the  mechanic  powers  are  made 
to  act  in  concert,  they  must  necessarily  have  certain  points  of 
contact ;  and  the  material  substances  of  which  machines  are 
constructed,  bein^  subject  to  variations  of  density  and  dimen- 
sions from  the  action  of  heat  and  cold,  or  other  causes,  regularity 
of  action  cannot  be  perfectly  attained,  unless  some  mode  can  be 
adopted  to  prevent  the  changes  just  mentioned  from  taking  place, 
or  to  counteract  their  effects ;  so  that  there  may  be  such  a  stabili- 
ty in  the  points  of  contact  of  the  mechanic  powers,  as  to  produce 
uniformity  of  combined  action.  Thus,  in  a  clock  or  timepiece, 
uniform  motion  is  propa^ted  throughout  trains  of  wheel-woric,  by 
means  of  a  pendulum  oscillating  seconds ;  and  the  pendulum  there- 
fore acts  the  part  of  a  regulator  to  the  clock. 

223.  In  describinff  the  pendulum  and  its  peculiar  kind  of  motion, 
it  has  been  stated  that  to  beat  seconds  it  must  have  a  certain 


What  wai  the  purpose  of  Watt's  jointed  bars,  used  in  the  eonstnwtioo 
of  his  steam-engines  ? 

For  what  purpose  are  beveled  wheels  applied  in  the  constmction  of 
maehines  ? 

To  what  great  purpose  are  regulatora  applied  in  thft  moTementa  of 
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lengrth,  correwondinff  to  the  latitude  of  the  place  t>f  obflervationi 
or  more  strietly  sneaMng  to  the  distance  of  that  place  from  the 
eaii&^B  centre.  Now  it  has  been  discovered  from  oDsenratlon  that 
a  pendulum-rod  of  brass,  steel,  or  in  fact  of  any  substance  adapt- 
ed for  such  a  use,  will  be  elongated  by  heat,  and  contracted  oy 
cold ;  and  that  to  such  an  extent  b^  the  conmion  changes  of  tem- 
perature in  the  atmosphere  at  difierent  periods,  that  a  pendulum 
which  would  Tibrate  once  in  a  second  in  the  winter,  would  take  up 
more  than  a  second  in  performing  one  yibration  in  the  summer ; 
and  hence  it  would  require  to  be  shortened  at  the  latter  period, 
and  lengthened  again  at  the  former  to  make  it  act  with  any  tole-^ 
rable  degree  of  uniformity.  To  regulate  a  clock  in  this  manner  it 
is  obvious  that  the  error  must  be  observed  before  it  could  be  cor- 
rected, and  therefore  this  method  though  it  might  serve  for  com- 
mon purposes,  would  be  nearly  useless  to  the  astronomer  or  the 
navigator,  le^uiriiur  a  uniform  and  accurate  measurement  of  a  con^ 
siderable  penod  of^ time,  by  means  of  an  instrument  more  or  leee 
exposed  to  alternations  of  temperature.  The  construction  of  a 
pendulum  which  should  preserve  ite  length  unalterably  in  all 
situations,  thus  became  an  object  highly  mteresting  both  to  phi- 
losophers and  mechanics ;  and  the  contrivances  which  different 
individuals  have  adopted  or  proposed  have  been  numerous  and 
diversified. 

324.  Tlie  general  principle  on  which  compensation  pendulums, 
as  they  are  termed,  act,  may  be  comprehenaed  from  tne  annexed 
dgure  and  description. 

Suppose  C  D  E  F  to  represent  a  steel  frame,  and 
G  H  a  bar  of  metal  connected  by  the  copper  rods  G 
I  and  H  K  vdth  the  bar  D  E,  to  which  they  are  firm* 
ly  fixed.  The  rod  O  P  being  fastened  by  a  pin  to 
the  bar  G  H,  descends  from  it  through  an  aperture  in 
the  bar  D  E,  hanging  freely  from  ttie  point  O,  and 
supporting  the  pendmum-boD  P :  the  pendulum  turn- 
ing on  the  suspension-sprinff  A  B.  Now  when  the 
longitudinal  rods  are  dilated  by  heat,  the  elongation 
of  Sie  rods  G  I  and  H  K,  will  tend  to  raise  the  bar 
G  H  to  which  the  rod  O  P  is  attached ;  but  the  cor- 
responding elongation  of  the  latter  will  tend  to  lower 
the  point  P ;  ana  if  the  apparatus  be  properly  arrang- 
ed tne  lengthening  of  one  set  of  rods  will  compensate 
that  of  the  other,  as  they  must  take  place  in  opposite 
directions.  On  similar  principles  are  constructed 
Harrison's  grridiron  pendulum  and  the  numerous  sub- 
sequent inventions,  the  common  object  of  which  has 
been  to  obtain  a  pendulum-rod,  the  point  of  contact 

What  eharaeter  in  the  pendulum  is  inditpeniable  in  ordar  to  make  it 

beat  second!  ?  ...si    r«_ 

By  what  eireamitanoes  it  it  prevented  from  actong  w  its  simple  form 

as  a  perfeet  r^jolator  ?  . .         .      «  m  x 

At  what  season  of  Ae  jtur  would  a  eloek  with  a  um^  ^acAxdnsa. 
move  moMt  npidlf  / 
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or  axis  of  suspension  of  which  shall  he  at  a  certain  and  invariahle 
distance  from  the  centre  of  oscillation. 

225.  Thus  it  has  heen  shown  how  the  effect  of  a  single  cause 
of  irregularity  of  action  in  machinery  naay  be  obviated ;  but  in  the 
greater  number  of  the  complex  machines  employed  for  Tarious 
purposes  connected  with  arts  and  manu&ctures,  there  are  often 
several  different  circumstances  contributing  more  or  less  to  pre- 
vent regular  or  uniform  action.  Besides  uie  difficulty  of  main- 
taining certain  points  of  contact  between  the  moving  parts  of 
machines,  owing  to  inequality  of  temperature  and  consequent  con- 
traction and  expansion  of  solid  bodies,  there  are  additional  diffi- 
culties arising  from  the  gradual  wearing  away  of  surfeces  by 
friction  and  from  other  causes. 

226.  But  admitting  the  possibilitjr  of  preserving  the  points  of 
contact  of  the  parts  of  a  machine  invariable  for  a  certain  period^ 
abundant  causes  of  irregular  action  might  still  exist ;  among  which 
may  be  mentioned,  as  one  of  the  most  important,  the  irregular 
effect  of  the  moving  power.  A  familiar  example  of  such  a  case 
will  occur  in  the  common  handmill,  used  by  grocers  to  grind 
coffee  or  cocoa ;  for  a  greater  degree  of  strength  must  be  exerted 
to  turn  the  winch  or  handle  of  such  a  mill  at  the  lowest  point  of 
the  circle  which  it  forms,  in  turning,  than  at  the  highest  point;' 
and  thus  the  machine  could  not  be  made  to  act  with  an  equable 
motion,  but  for  the  heavy  fly-wheel,  connected  with  the  axis  of 
the  mill,  which  equalizes  the  effect,  and  enables  the  man  to  turn 
the  mill  with  any  required  velocity,  working  without  interruption 
or  extraordinary  efforts. 

227.  The  variable  inciting  forces  are,  by  the  intervention  of  a 
heavy  wheel,  blended  toffetSer  in  creating  one  gjeat  momentum, 
which  afterwards  maintains  a  nearly  uniform  action.  The  use  of 
the  fly  in  mechanics  hence  resembles  that  of  a  reservoir,  which 
collects  the  intermitting  currents,  and  sends  forth  a  regular 
stream.*  That  distinguished  philosopher  has  given  a  description 
of  a  machine  called  the  concentrator  of  force,  by  means  of  which 
an  inconsiderable  power,  acting  on  a  fly-wheel,  may  be  made  to 
produce  a  vast  momentary  effect.  On  this  principle  of  the  effect 
of  the  concentration  of  lOTce  depends  the  action  of  the  coining- 
press  used  for  striking  pieces  of  money.  The  momentum  com- 
municated to  the  machine  by  a  man  whirling  round  for  a  few 
seconds  the  balls  at  the  extremities  of  a  horizontal  bar,  will  eause 

How  does  the  compound  pendulam  obviate  the  irregularity  of  a  eloek't 
movement  ? 

What  other  difficulties  besides  those  already  enumerated  interfere  with 
the  action  of  machines  ? 

What  is  one  of  the  most  important  sources  of  irreguhiritv  in  a  ma« 
chine r 
What  familiar  illustration  of  this  irregularity  ? 
By  what  means  can  force  be  concenti  ated  ? 
How  is  the  coining-press  enabled  to  produce  its  intense  prettore? 


•  Led je'f  Slemepts  of  Natural  PhUowyphy ,  vol.  i.  p.  177. 
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the  screw  to  deacend  wi^  such  (orce,  eatry- 
ing  the  die  affainst  a  circalar  disk  of  metal, 
as  to  give  it  the  required  impression  at  one 
stroke*  This  machine  is  said  to  have  been 
invented  by  Nicholas  Briot,  mint-master 
(JailUur'gtnatU  tks  momunn)  to  Lonis  XIII. 
of  France ;  and  by  using  it  one  man  ra|iy  do 
as  much  work  as  twenty,  striking  coins  with 
a  hammer,  which  was  the  old  method  of 
coining.* 

8d8»  A  complicated  machine,  sach  as  the  steam-engine,  requires 
vaiiotts  modifications  or  adaptations  of  its  essential  parts,  and  the 
addition  of  some  peculiar  parts  to  equalize  or  dOmpens^tA  irregfu- 
lar  movements,  and  enable  the  engine  to  work  with  due  accuracy 
and  effect.  Besides  the  fly-wheel,  which  is  a  necessaiy  appen- 
dage to  the  common  low-pressure  steam-engine,  there  is  another 
very  ingenious  and  important  contrivance,  celled  the  governor.  It 

consists  of  two  heavy  balls,  connected  by  jointed 
rods  with  a  revolving  axis,  by  any  increase  in 
the  velocity  of  which  they  diverge  or  separate 
from  each  other,  and  draw  downwards  the  Jointed 
rods ;  while  a  slower  motion  of  the  axis  causes 
the  balls  to  approach  each  other,  and  the  system 
cHf  rods  to  be  contracted  laterally  and  be  extended 
upward.  The  grand  effect  produ<^  by  this 
means  dqiends  on  making  the  ascendine  and 
dMoending  extremity  of  the  Jointed  rods  raise  or 
lower  the  end  of  a  bar  which  acts  as  a  lever,  and 
moves  a  valve  whidi  vegolaftes  the  supply  of  steam  from  the  prin- 
cipal steam-pipe.  A  similar  method  oif  eontrolling  the  effect  of 
moving  power  is  applicd>le  to  wind  and  water  imlls,  and  other 
lands  otmaiG^iineTy. 

939.  Whatever  may  be  the  complexity  of  a  machine,  or  however 
varied  its  action,  its  effect,  theor^cally  considered,  is  to  be  esti- 
mated according  to  the  principles  already  laid  down  relative  to 
simple  machines.  There  most  be  in  every  case  an  equality  of  ef- 
fective action  in  the  power  and  the  resistance  in  order  to  produce 
equUibrinm;  and  consequently  the  efficient  force  of  the  power 
must,  witii  die  assistance  of  the  machine,  exceed  that  of  ^e  weight 
or  veststance,  before  motion  can  take  place. 

i{30.  It  may  be  generally  stated  that  a  power  can  counterbalance 
any  ffiven  resistance,  when  the  momentum  of  the  former  is  rendered 
equal  to  tiiat  of  the  latter.    This  has  been  repeatedly  demonstrat- 

In  what  manner  wai  the  proeess  of  eoiDlog  performed  before  the  pe- 
riod of  Briot*!  invention  ? 
On  viiat  vrinefple  of  motion  is  the  mill  governor  eonstructed  ? 
How  is  the  e^bet  of  a  compound  machine  to  be  efltimated  f 
When  will  motion  Mieeeed  to  a  ftate  of  reiC  in  any  given  machine? 


•  y,  Sifiand  de la  Pood £iemens  de  Phyalqne,  \7%7,\.u.  \^ASi^ 
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ed  in  treating^  of  the  seTeral  simple  machines.  Thus,  it  has  been 
shown  that  aleyer  can  be  kept  in  ecjuilibrium  only  when  the  num- 
ber of  pounds  in  the  power,  multiplied  b  j  the  number  of  feet  it 
would  describe,  if  put  in  motion,  ffives  a  product  exactlT  eaual  to 
that  of  the  number  of  pounds  in  uie  resistance  multiplied  dj  the 
number  of  feet  in  the  space  relatively  described  b^  it ;  so  tha^  the 
spaces  passed  through  by  the  power  and  the  resistance  must  al- 
ways be  in  the  inverse  ratio  of  their  respective  weights,  or  actual 
independent  forces*  Hence  it  follows  that  whatever  advantage 
is  afforded  by  a  machine,  so  as  to  enable  a  small  weight  or  other 
weak  power  to  overcome  a  great  weight  or  resistance,  must  de- 
pend on  communicating  to  the  power  a  degree  of  velocity,  or 
causin?  it  to  act  through  a  space  which  shall  more  than  equaliie 
the  momentums  of  the  antagonist  forces. 

231.  It  may  perhaps  be  remarked  that  machines,  regaided  in 
this  point  of  view,  give  no  additional  force;  since  in  order  to  raise 
a  weight  of  500  pounds,  a  power  must  be  made  to  act  with  an 
effect  superior  to  500  pounds,  either  weight  or  pressure.  The 
object  of  machinery  certainly  is  not  to  create  force,  which  is  im- 

Sossible,  but  to  accumulate,  distribute  and  apply  it,  so  as  to  pro- 
uce  certain  effects ;  and  the  advantage  thus  afforded  is  often  of 
the  highest  importance.  Thus,  a  man,  with  a  crow-bar,  may  be 
able  to  turn  over  a  log  of  wood,  or  a  block  of  stone,  wMch  unas- 
sisted he  could  no  more  move  than  he  could  one  of  the  Egyptian 
pyramids.  But  to  raise  such  a  mass  of  wood,,  or  stone  with  a 
crow-bar  or  lever,  he  must  make  the  end  of  the  bar  to  which  he 
applies  his  strength  move  through  a  space,  probably  fifty  or  sixty 
times  as^eat  as  that  through  which  he  would  move  the  log  or 
block.  So  likewise  if  a  man,  who  could  pull  with  a  force  only 
equal  to  50  pounds,  wanted  to  raise  a  bale  of  goods  weighing  500 
pounds  through  the  space  of  12  feet,  he  might  do  it  by  means  of  a 
tackle  of  pulleys,  but  if  it  afforded  him  the  assistance  precisely 
necessary  to  supply  his  deficiency  of  strength,  it  must  be  so  con- 
structed that  he  would  have  to  piul  down  120  feet  of  rope,  in  order 
to  make  the  bale  ascend  12  feet.  These  examples  will  probably 
suffice  to  illustrate  the  nature  of  the  equilibrium  of  action  resultiiig 
from  the  application  of  machinery;  and  hence  it  will  be'  appar«it  that 
whatever  oe  the  moving  power  employed  for  any  purpose,  though 
its  actual  force  cannot  be  increased  by  any  machine,  as  such  an 
increase  would  involve  physical  impossibility,  yet  its  effective  fiiice 
may  often  be  indefinitely  augrmented ;  that  is,  its  actual  force  may 
be  made  by  a  machine  to  overcome  an  actual  resistance,  to  which, 
alone,  it  would  be  utterly  inadequate. 


In  what  proportion  to  th«  power  and  resistance  must  be  the 
which  they  respectively  describe  at  the  commencement  of  motion  ?' 

On  what  roust  the  advantage  of  a  machine  for  overcoming  a  great  re- 
sistance always  depend  ? 

What  is  the  true  obiect  of  machinery  in  regard  to  mechanical  force? 

How  may  this  be  illustrated  in  the  raising  of  a  weight  by  the' aid  of  a 
lever? 
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333.  Hie  action  of  machinery  necessarilj  Tequires  time  to  pro- 
duce any  giren  effect.  Motion  can  in  no  case  be  instantaneoiia, 
howeyer  rapid ;  and  when  it  is  the  result  of  the  operation  of  conk- 
plicated  machinery,  it  must  be  relatiTely  slow.  It  may  indeed 
be  the  real  object  of  a  piece  of  mechanism  to  extend  a  series  of 
consecutive  movements  through  a  certain  period ;  and  of  such  an 
arrangement  examples  may  be  found  in  common  clocks  and 
watches.  In  an  eight-day  clock,  for  instance,  a  couple  of  weights 
are  wound  up  to  a  certain  height,  and  left  suspended  to  act  by 
tiieir  own  gravity  in  setting  in  motion  trains  of  wheel-work  whicn 
shall  cause  the  indexes,  or  hour  and  minute  hands,  to  describe 

S'ven  circles  in  certain  spaces  of  time,  so  as  to  furnish  a  me- 
ed for  the  e^ual  measurement  of  time ;  and  the  gravitating  pow- 
ers of  the  weights  are  so  opposed  by  the  resistance  distnbuted 
over  Ibe  numerous  wheels  and  pinions,  that  though  the  weights 
may  each  amount  to  several  pounds,  they  may  descend  so  slowly 
as  to  be  more  than  a  week  in  passing  through  the  space  of  five  or 
six  feet. 

333.  A  story  is  told  by  an  ancient  writer,  relative  to  the  cele- 
brated Archimedes,  from  which  may  be  drawn  a  most  pointed 
illustration  of  the  immensity  of  time  and  space  required  to  pro- 
duce mechanical  effect,  where  the  disproportion  between  the  pow-^ 
er  and  the  resistance  is  extremely  gieat.  In  relating  the  history- 
of  the  siege  of  Syracuse  by  the  Romans,  Plutarch,  m  his  Life  oC 
Marcellus,  the  Roman  general,  says  that  Archimedes  told  Hiero« 
king  of  Syracuse,  whose  confidence  he  possessed,  as  being  re- 
lated to  tiiat  prince  and  highly  esteemed  by  him,  that  by  his  me- 
chanic skill,  he  could,  if  there  was  another  earth  for  him  to  stand 
on,  move  the  solid  globe  which  we  inhabit.  Hiero,  astonished  at 
this  assertion,  requested  the  philosopher  to  afford  him  some  de- 
monstrative evidence  of  its  truth,  by  letting  him  behold  a  very 
large  body  moved  by  a  small  force ;  and  the  historian  adds,  this 
effect  was  debited  by  Archimedes,  who  sitting  on  the  sea-shore 
drew  into  port,  with  one  hand,  a  large  ship  heavily  laden,  and 
having  a  number  of  men  on  board.  This  he  is  stated  to  have 
doneoy  eently  moving  Uie  handle  of  a  machine  called  polyspas- 
toB,  a  puuey. 

S34.  It  has  been  remarked,  that  if  Archimedes  had  proposed  to  • 
move  the  earth  by  means  of  a  lever,  and  had  obtained  not  only  the 
place  he  required  to  stand  on,  but  also  another  whereon  to  fix  his 
fulerum,  with  an  hypothetical  lever  of  requisite  length  and  strength, 
and  had  also  been  endowed  with  muscular  power  sufficient  to 
enable  him  to  act  on  the  end  of  his  lever  so  as  to  move  it  with  the 

With  what  are  the  aetion  and  effect  of  maohinery  necesaarily  oon- 
neetad? 

How  are  meehanical  forces  made  capable  of  lupplying  a  measure  of 
time^ 

How  is  the  importance  of  time  to  mechanical  actions  exemplified  ia 
tiic  aclabiated  assertion  of  Archimedes  ? 

How  did  that  philosopher  iJlas trate  the  truth  of  V\\ft  «Udftm«i\U 
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Telocity  of  a  oannon-Ml,  he  would  not  haye  ahiftad  the  earth  more 
tjian  the  twentynseTen  millionth  of  an  inch  in  a  million  of  yean; 
and  supposing  him  to  haye  had  but  the  avenge  pow«r  of  a  strong 
man,  it  would  have  taken  him  3,653,745,176,803  eentoriea  to  have 
moved  the  earth  widi  the  machine  he  had  in  view  in  hia  address 
to  his  royal  relative.* 

236.  Paradoxical  as  these  statements  may  apnear,  it  may  be 
easily  shown  that  thej^r  are  founded  on  mathematicsl  evidenoe.  To 
comprehend  this  it  will  be  ohljr  necessary  to  consider  how  lar  into 
boundless  i^mce  such  a  theoreticsl  lever  as  that  inMgined  finr  Ai^ 
chimedes  must  have  extended,  and  the  consequent  incompiehensi- 
ble  immensity  of  the  are  which  such  an  imaginary  lever  mvat  be 
supposed  to  aescribe. 

236.  Those  who  have  leisure  and  inclination  for  making  nek 
computations  may  ascertain  what  length  of  theoretioal  rope  most 
be  drawn  over  imaginary  pulleya,  to  mise  through  the  spaee  of 
one  inch,  by  means  of  a  power  equal  to  seventy-two  poonds^  a 
spherical  mass  8000  miles  in  diameter,  having  a  mean  density 
five  times  that  of  water,  and  taking  the  weight  of  a  onbic  fi>ot  of 
that  fluid  to  be  1000  ounces  avoirdupois.  The  lesolt  of  aneh  a 
calculation  would  afford  an  approximation  to  a  fidr  estlmata  of  the 
&noied  task  of  Archimedes ;  and  would  strikingly  evince  the  ntter 
insignificance  of  human  skiU  and  science  when  contrasted  with 
the  powere  of  nature. 

Observations  on  Friction  /  on  the  Bigidity  of  Cordage  i  and  on  tke 

Strength  of  Maierwis. 

237.  In  making  calculations  or  estimates  of  the  effective  force 
of  moving  ^wera  applied  to  machinery,  it  is  always  necessary  to 
admit  certain  deductions  on  account  of  the  obstacles  to  freedom 
of  motion  arising  from  friction,*  the  rigidity  of  cordage,  or  the  im* 
perfections  of  the  materials  of  which  machines  must  be  eollSt^lc^ 
ed.  All  these  subjects  are  of  the  highest  importance  to  practical 
mechanicians,  and  are  therefore  deserving  of  the  most  aeeorete 
attention;  but  it  will  be  suficient  here  to  describe  briefly  the 
nature  of  these  obstructing  or  retarding  forces,  and  to  notiee  tiie 
methods  usually  adopted  for  lessening  or  correcting  the  iiieofive- 
niences  they  may  produce. 

How  rapidly  might  the  theoretical  lever  of  Arehimedet  have  enabkd 
him  to  move  the  earth  ? 
What  are  the  elements  of  ealcnlation  to  show  the  praetieal  rcadt  of 

such  an  attempt  ? 

In  what  light  would  the  computation  place  human  skill  and  artifioial 
powers  ? 

On  what  accounts  are  deductions  from  the  theoretical  efibets  of  ma- 
chines rendered  necessary  ? 


*  Recreations  in  Mathematics  and  Natural  Philoaophv,  edited  kv  Dr* 
Cbarlea  Huttoa,  vol.  ii.  p.  19.  ' 
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d38.  It  is  the  well-known  conseijaenee  of  friction  that  when 
one  eubstance  moves  in  contact  with  another,  either  at  rest  or 
morinflr  in  an  opposite  direction,  more  or  less  force  must  be  applied 
to  produce  motion  in  proportion  to  the  ronghniBCMi  or  smoothness 
of  the  surfaces  of  the  two  bodies.  No  substance  can  be  perfectly 
smooth:  not  eren  polished  steel  or  glass,  lliose  snrftces  that  to  the 
naked  eye  seem  free  from  the  slightest  ineoualities  are  found, 
when  examined  by  a  powerful  microscope,  to  be  covered  with  in- 
namerable  rising  points  and  hollows,  like  the  fhoe  of  a  file;  and 
sometimes  to  be  intersected  by  abundance  of  irregular  ridges  and 
furrows.  Now  when  sur&ces,  such  as  nave  been  just  described, 
are  made  to  move  in  contact,  ^e  prominent  parts  of  the  one  will 
pass  into  the  depressions  of  the  other,  and  thus  occasion  more  or 
lest  difficulty  in  i)rocuring  lateral  motion. 

939.  Though  friction,  from  its  effect  in  retarding  motion,  lessens 
the  advanta^  derived  from  machinery,  and  often  causes  inconve- 
nience, yet  It  is  one  of  those  properties  of  matter  which  we  find  tc 
be  o£  almost  indispensable  utility.  If  all  bodies  were  destitute  of 
fnction  it  would  be  very  difficult  for  us  to  grasp  or  retain  in  our 
hands  any  wAid  substance ;  a  penknife,  a  ruler,  or  a  book  would 
dip  throogh  our  fingers,  if  not  held  tightly ;  and  in  using  our 
hands  for  any  purpose,  such  a  degree  of  muscular  power  must  be 
exerted  as  would  be  extremely  fetiguinff  and  inconvenient.  But 
without  fnction  it  would  be  still  more  difficult  to  use  our  feet  than 
our  hands ;  and  no  man  could  walk  upri^t  unless  he  possessed 
the  skill  and  activity  of  a  tight-rope  dancer,  or  a  performer  on  the 
slack-wire. 

240.  The  consequence  of  losing  the  advantage  derived  from 
firietion  in  walking,  may  be  easily  conceived,  when  we  reflect  on 
what  takes  place  when  friction  is  partially  destroyed  by  the  streets 
and  open  pavements  being  covered  with  ice,  as  occasionally  hap- 
pens during  the  winter  season.  Arming  die  soles  of  the  shoes 
with  list,  or  with  projecting  nails,  and  covering  the  ice  with  saw- 
dust, ashes,  or  other  loose  substances,  are  among  the  usual  methods 
resorted  to  at  such  times,  to  restore  friction,  and  enable  people  to 
walk  steadily. 

341.  Friction  is  likewise  advantageously  used  as  a  means  of 
sharpening  or  polishing  various  substances,  by  rubbing,  grinding, 
and  other  operations  of  great  importance  in  several  arts  and  manu- 
fectures.  This  property  of  matter  may  even  be  applied  to  the 
production  of  motion ;  at  least  it  may  be  made  the  medium  of  com- 
munication between  one  part  of  a  machine  and  another.    Thus 

To  what  is  the  resiitaoee  from  friotion  always  proportioned  ? 
What  it  the  true  nature  of  BurfMes  commonly  oontidered  mmath? 
By  what  means  is  the  true  chaiaeter  of  sarfaeet  to  be  deteeted  ? 
What  is  supposed  to  be  the  real  mode  of  aetion  by  whieh  frietion  op* 
poses,  retards,  or  desCn^s  motion  ? 
Of  what  advantage  is  friction  in  the  ordinary  purposes  of  life  } 
How  is  iu  importance  in  walking  made  apparent  r  . 
How  is  friction  employed  Id  manofaeturing  procetaaa) 
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wheels  are  sometimes  coTered  on  their  peripheries  with  biiff4ea- 
ther,  and  one  of  them  being  set  in  motion  will  then  turn  the  o&er, 
by  the  friction  of  the  rougrh  surfaces  of  the  leather,  acting  as  if  the 
wheels  had  been  furnished  with  innumerable  series  of  minute 
teeth. 

342.  Such  are  tiie  benefits  of  friction,  but  in  many  cases  it 
proves  a  very  inconvenient  property  of  matter,  hindermg  freedom 
of  motion,  and  tending  to  obstruct  it  entirely ;  and  hem^e  in  the 
construction  of  machinery  yaiious  contrivances  are  adopted  to 
lessen  or  destroy  tiie  effect  of  friction.  Systematio  writers  have 
distingruished  this  property  of  matter  into  two  kinds :  namely^, 
1.  That  which  takes  place  when  two  flat  surfaces  are  moved  m 
contact,  so  that  the  same  points  of  one  surface  are  constantiy  ap- 
plied to  some  part  of  the  other ;  and  2.  The  friction  that  takes 
{^ace  when  one  body  rolls  over  another,  so  that  the  points  of  con- 
tact of  both  surfaces  are  perpetually  changing.  The  former  may 
be  styled  dragging  friction,  and  the  latter  rolling  friction.*  It 
must  be  obvious  that  the  retarding  effect  of  the  former  must  be 
vastly  greater  than  that  of  the  latter  kind  of  friction.  It  is  for  this 
reason  that  plumbers,  masons,  and  carpenters,  when  they  want  to 
move  a  heavy  mass  of  metal,  stone,  or  wood,  place  beneath  it 
several  cylinders  of  hard  wood,  by  means  of  which  such  a  mass 
may  be  dragged  forward  without  coming  in  contact  with  tiie 
^ound,  and  tiie  immense  friction  of  the  first  kind  or  dragrginff  fric- 
tion which  must  otherwise  occur,  is  changed  into  rolling  friction 
or  rolling  motion.  On  the  other  hand  rolling  friction  is  converted 
into  dragging  friction,  by  shoeing  or  locking  the  wheel  of  a  car- 
riage in  going  down  a  steep  hill. 

243.  On  the  principle  just  stated  depends  the  utility  of  those 
parts  of  some  complex  machines,  called  friction-wheels.  In 
wheel-work  the  chief  friction  takes  place  between  a  wheel  and  the 
axle  on  which  it  turns ;  and  to  diminish  its  effect  it  is  usual  to 

How  may  it  serve  as  a  means  of  commuiiieatin*^  motion  P 

Into  how  many  kinds  lias  friction  been  divided  by  systematio  writers? 

Which  of  these  exists  in  the  mechanical  devices  for  moving  heavy 
masses  ? 

What  kind  of  friction  exists  at  the  axle,  and  what  at  the  periphery  of 
a  can'iage-wlieel  ? 

How  is  the  friction  of  the  axis  of  carriage-wheels  diminished  by  meant 
of  rollers  f 


*  The  terms  rolling'  and  dragging  friction  seem  more  appropriate  than 
interrupted  and  continued  friction  ;  as  expressive  of  the  mw\e  of  aetion 
by  which  they  are  respectively  produced.  A  true  case  of  rolling  frietioa 
takes  place  only  when  the  rollers  are  so  situated  as  to  have  no  neeeari^ 
of  employing  axles ;  as  when  eylinnders  or  cannon-balls  are  plaeed  be* 
neath  heavy  weights.  The  wheel-carriage  is  not  a  case  of  this  kind,  for 
it  only  transfers  the  friction  which  would  take  place  at  the  peHphery  if 
the  wheel  were  locked  to  the  axle,  which  experiences  a  dragrinr  frietioa 
within  the  box. — See  on  this  Mibjeet  Joomal  of  the  FraDluin  InsdMi^ 
vol.  5,  p.  ST.'-'En. 
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sonstrnct  Ae  axle  and  the  box,  or  central  part  of  the  wheel,  of 
Tery  hard  substances,  the  surfaces  of  which  are  not  only  rendered 
as  smooth  as  possible,  but  also  covered  with  oil,  or  some  other 
nnctuous  matter,  which  facilitates  the  motion  of  the  corresponding 
parts.     But  where  it  is  necessary  to  obtain  the  utmost  facility  of 

motion,  a  method  has  been  adopted  for  subdi- 
vidingr  friction,  by  letting  the  axle  of  a  princi- 
pal wheel  move, on  two  or  more  small  wheels, 
as  in  the  marginal  figure.  These  are  named 
friction-wheels.  ♦ 

244.  In  estimating  the  effect  of  friction,  so 
many  circumstances  must  be  taken  into  the 
suscount,  that  the  result,  in  any  ffiven  case,  may 
afford  but  little  assistance  in  deciding  others,  ft  may  however 
be  stated,  as  the  most  important  deduction  from  repeated  experi- 
ments, that  friction  does  not  depend  on  the  extent  of  the  surfaces 
on  which  it  acts,  but  chiefly  on  the  degree  of  pressure  to  which 
they  are  subjected ;  so  that,  the  surfaces  continuinflr  in  the  same 
state,  increase  of  pressure  will  produce  increase  of  motion. 

345.  When  a  heavy  body  is  placed  on  an  inclined  plane,  it  will 
have  a  tendency  to  slide;  and  consequently  will  remain  at  rest  on 
such  a  plane,  only  when  the  retarding  effect  of  friction  is  greater 
than  the  tendency  for  motion,  caused  by  the  inclination  of  the 
plane.  Hence  the  angle  of  inclination  at  which  motion  on  an  in- 
clined plane  commences,  has  been  styled  the  angle  of  frictum  s 
and  it  will  of  course  be  different  in  different  cases,  according  to 
the  nature  of  the  rubbing  surfaces,  and  the  degree  of  pressure. 

346.  The  rigidly  of  cordage  is  another  property  of  solid  bodies 
which  interferes  with  the  freedom  of  motion  in  some  kinds  of  ma- 
chinery. It  must  necessarily  depend  on  the  peculiar  nature  of 
the  materials  used,  since  the  more  flexible  they  are,  the  more  rea^ 
dily  will  they  become  adapted  to  the  wheels  or  spindles  around 
which  they  are  coiled ;  and  the  smaller  will  be  the  interruption 
of  regular  continued  motion.  It  is  principally  when  very  thick 
lines  are  used,  such  as  the  cables  for  heaving  anchors  for  very 
large  ships,  tiiat  this  rigidity  of  cordasne  becomes  a  serious  impe- 
diment to  motion,  requiring  the  expenditure  of  orreat  force  to  over^ 
come  it.  Iron  chains  have  been  advantageously  introduced  into 
the  maritime  service,  instead  of  cables ;  and  are  likewise  employ- 

What  it  one  of  the  most  important  dednelions  from  experiments  on 
IKction? 
What  is  meant  by  the  angle  ofJHction  ? 
Is  this  ara4e  constant  or  variaDfe  ? 

To  what  ooes  the  rigidity  of  cordage  usually  offer  its  resistance  ? 
What  substitutes  for  large  cables  have  of  late  been  adopted  ? 

*Tbe  railroad  ears  of  Winans,  Howard,  and  several  others,  emploving 
friation-wheels,  have  been  invented  in  the  United  States,  and  will  be 
iswd  deaeribed  in  the  early  volumes  of  the  Journal  oi  ^t  Yra.tMX'^VBK* 
slitate.— Ed. 
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ed  for  Tarioos  purposes  in  the  arts  to  which  ropes  alone  were  £0^ 
merly  considered  applicable. 

247.  In  the  construction  of  machines  much  must  depend  on  the 
strength  and  firmness  of  the  materials  of  which  they  maj  be  com- 
posed. Thus,  in  the  case  of  one  of  the  most  simple  machines, 
the  lever,  suppose  a  long  pole  to  be  applied  to  raise  a  considera- 
ble weight,  much  of  the  effect  of  any  power  would  be  lost  in  con- 
sequence of  the  bending  of  such  a  wooden  lever  at  that  part  which 
rested  on  the  fulcrum ;  and  therefore  an  iron  bar,  nearly  inflexible, 
of  the  same  length  with  the  pole,  would  enable  ^  man  to  move  any 
given  weieht  or  resistance  with  less  exertion. 

248.  The  hardness,  tenacity,  elasticity,  and  other  properties  of 
bodies,  on  which  their  relative  stren^  must  principally  depend, 
vary  so  greatly  even  in  different  specimens  of  ihe  same  sabetanoe, 
as  wood  or  metal,  that  few  rules  oJT  general  application  can  be 
given  for  computing  the  degrees  of  foree,  which  may  be  applied 
with  safety  to  the  particular  parts  of  any  complex  machine.  Any 
solid  substance,  as  a  bar  or  rod  of  iron,  may  pe  subjected  to  ten- 
sion or  pressure  in  different  ways :  as,  (I)*  by  suspending  to  it  a 
ffreat  weight,  or  endeavouring  to  stretch  it  longitudinally ;  (SY, 
by  weight  or  pressure  applied  to  crush  or  Qompress  it ;  and  (3J| 
by  weight  or  pressure  applied  to  the  cei^tre  pf  a  bar  or'  rod,  it|| 
extremities  alone  being  snppoited. 

249.  it  appeare  from  experimei^t,  Jh?^t  in  |h^  first  case,  ibtf 
lenffth  of  a  rod  remaining  the  same,  its  stjengih  wil)  be  ^creased 
or  diminished  in  proportion  to  the  area  pf  its  ^train^vera^  aection; 
thus,  as  27  tons  ^eight  will  tear  a^^n^le^  ,an  iron  bar  one  inch 
square,  so.  a  bar  but  half  a  squa^  ii^ch  In  the  section  wjll  be 
broken  by  a  weight  of  I3i^  tons ;  and  so  on  in  any  ^yen  propor- 
tion. Oonceminff  the  capacity  of  Bodies  for  resisting  compres- 
sion, but  little  is  Known  with  certainty.  Ij/jinch.  appears  to  depcoid 
on  the  form  of  a  body,  for  a  cubic  inch  of  English  oak  required  to 
crush  it  a  weight  of  3860  poimds ;  but  a  bar  an  inch  square  and 
five  inches  hi^  gave  way  imder  the  weight  of  2572  poimd^ ;  and 
if  longer  it  would  manifestly  have  broken  wi^  a  less  weiffht. 
Mr.  Rennie,  one  of  the  architects  of  liondon  Bridge  infers  £om 
calculation  that  the  granite  of  which  the  great  arch  of  that  bridge 
is  constructed  would  bear  a  pressure  equal  to  four  tons  upon  every 
square  inch  of  its  upper  surface.    . 

250.  As  to  the  strength  of  bodies  exposed  to  transverse  or  late- 
ral pressure,  one  or  bom  ends  bein^  supported,  it  depends  on  the 
dimensions  of  a  section  of  the  body  in  the  direction  of  the  pres- 

On  what  circumstanoea  must  the  usefulness  of  machines  chieJUy  depend  } 

Name  some  of  the  physical  properties  of  materials  which  vary  their 
usefulness  in  the  mechanic  arts. 

In  how  manj  ways  may  a  solid  rod  of  any  material  be  subjected  to  me- 
chanical action  ? 

How  is  direct  tendon  applied?  how  cnuhing  preaaure?  hov  crait 
ttrain  ? 

What  inference  hut  been  drawn  by  Rennie  firom  experiments  on  ^^ 
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rare.  Thns  a  beam  having  the  same  length  and  breadth  with 
another,  bnt  twice  its  df'pth,  will  be  four  times  as  strong* ;  and  a 
beam  double  the  length  of  another,  but  with  the  same  breadth 
and  depth, -will  have  but  half  as  much  strengtii.  Hence  the 
strength  of  solid  bodies  is  not  by  any  means  to  t>e  estimated  by 
their  absolute  magnitude. 

351.  Hollow  cylinders  are  much  stronger  than  solid  ones  of 
equal  length  and  weight ;  and  therefore  it  appears  an  admirable 
provision  of  nature  Siat  the  bones  of  men  and  other  animals  in 
those  parts  requiring  fecility  and  power  of  motion  are  more  or  less 
of  a  cylindrical  shape,  with  cavities  in  the  centre,  which  in  birds ^ 
are  filled  only  with  air,  whence  partly  their  capacity  for  flight ; 
but  in  men  and  beasts  the  cavities  are  filled  with  a  light  oily  fluid, 
which  congeals  after  death,  formin?  marrow.  The  strength  or 
efficient  power  of  an  animal  depends  chiefly  on  the  accurate  con- 
struction and  adaptation  of  its  several  parts. 

352.  Some  very  small  creatures  possess  muscular  power,  in 

{>roportion  to  their  bulk,  incomparably  ^ater  than  that  of  the 
argest  and  stroneest  of  the  brute  creation.  A  flea,  considered 
relatively  to  its  size,  is  far  stronger  than  an  elephant  or  a  lion ;  as 
will  appear  from  comparing  the  distance  the  insect  would  leap  at 
one  bound  with  its  actual  dimensions,  with  reference  to  the  spring 
and  dimensions  of  the  quadruped.  Some  marine  animals,  as  the 
whale,  are  of  vast  bulk ;  nature  having  provided  for  their  conve- 
nience by  gfiving  them  a  medium  of  great  density  to  inhabit. 

Mifving  Powers, 

253.  The  origfinal  forces  which  produce  motion,  and  which  have 
been  denominated  Moving  Powers,  or  Mechanical  Agents,  are  of 
various  kinds,  depending  on  the  natural  properties  of  bodies.  Gra- 
vitation or  weight  is  an  extensively  acting  power  affecting  matter 
in  all  its  different  forms,  and  affording  the  means  of  originating 
motion  for  many  useful  and  important  purposes.  By  the  proper 
application  of  weight  is  excited  and  maintained  the  equable  motion 
of  wheel-work,  as  m  a  common  clock ;  and  the  same  power  differ- 
ently adapted  is  made  to  act  by  percussion,  in  pile-driving  and 
numerous  other  operations.  Currents  of  vrater  owe  their  velocity 
to  the  weight  of  the  descending  liquid,  yielding  a  kind  of  moving 
power  on  which  depends  the  elective  rorce  of  water-whe^  ana 
other  hydraulic  engines. 

354.  Elasticity  is  another  property  of  matter  which  gives  ener- 

Wluit  relation  exists  between  the  dimensions  of  a  beam  and  the  reriat- 
anee  whieh  it  is  capable  of  opposing  to  eross  strain  ? 

What  ailmntage  does  the  hollowness  in  the  bones  afford  to  the  strength 
of  animals  f 

How  are  we  to  judge  of  tiie  relative  strength  of  insects  and  of  large 
animals  ? 

What  is  one  of  the  moat  common  mechanical  foreei,  axid  \tk  ^VaX^« 
fenml  nodes  is  iti  effieaej  applied  } 

K  9 
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sy  to  yanoas  mechaoical  agents.  Elastic  metals,  as  steel,  nuMM- 
^tured  into  springs,  aie  used  in  the  Gonstructioa  of  watches  cf 
chronometers ;  and  the  contractile  force  of  springs  is  employed  for 
many  other  purposes,  as  in  roasting-jacks  and  weig^iinff-machines. 
Liquids,  though  compressed  with  difficulty,  display  a  high  degree 
of  power  when  thus  treated ;  and  machines  of  yast  energy  haYB 
heen  invented,  the  effect  of  which  depends  on  the  ezpansiTe  or 
elastic  force  of  compressed  water.  The  elasticity  of  air  is  like- 
wise an  abundant  source  of  moving  power.  Steam-engines,  Bwsk 
as  were  used  in  the  early  part  of  the  last  century,  were  made  to 
act  throu§[h  -atmospheric  pressure,  arising  from  the  joint  influence 
of  the  weight  and  elasticity  of  the  air ;  but  since  the  vast  improve- 
ments in  machines  of  tliis  description,  in  consequence  of  the  le- 
searches  of  Watt,  and  other  experimental  philosophers,  steam  oi 
elastic  vapour  is  employed  as  the  sole  moving  power,  and  id 
mana^d  as  to  produce  enects  far  beyond  those  of  the  old  atm<^ 
spheric  engines. 

265.  Heat  must  be  regarded  as  a  moving  power,  the  efficacy 
of  which  depends  on  its  tendency  to  dilate  different  kinds  of  ma^ 
ter.  It  also  converts  solid  bodies  to  the  liquid  state,  and  liquids 
under  its  influence  are  changed  into  vapours  or  gases.  Henee 
indeed  is  to  be  explained  the  operation  of  the  steam-enffine,  in 
which  alternating  motion  is  proauced  by  the  expansive  force  of 
steam  or  water  raised  to  the  state  of  vapour  by  means  of  heat. 
Combustion  is  a  chemical  process,  often  excited  by  heat,  and 
during  the  progress  of  which  heat  is  always  developed ;  and  from 
this  source  is  derived  moving  power  of  vast  intensity,  as  occurs 
in  the  discharge  of  shot  or  balls  from  fire-arms,  through  the  ex- 
plosion of  gunpowder.  In  this  case  the  moving  power  arises  from 
the  sudden  expansion  of  gases  formed  by  the  combustion  of  solid 
matter ;  but  engines  have  recenUy  been  constructed  the  action  of 
which  depends  on  the  formation  of  a  partial  vacuum  by  the  in 
flammation  of  oxysen  and  hydrogen  gases  in  close  vessels,  and 
the  consequent  production  of  water. 

356.  Machines  may  be  set  in  motion  by  means  of  electrid^, 
galvanism,  or  magnetism ;  and  forces,  which  have  been  chi^y 
regarded  as  objects  of  curiosity  may  be  extensively  applied  to 
useful  and  important  purposes.  In  a  French  periodical  publica- 
tion (Journal  de  Geneve,  1831^,  some  account  is  given  of  an  eleo- 
trical  clock,  invented  by  M.  Bianchi  of  Verona.  This  timekeeper 
has  neither  weight  nor  spring,  instead  of  which  the  constant  vibta- 

State  some  of  the  applications  of  elasticity  to  purposes  connected  with 
the  arts  ? 

What  is  the  difference  in  principle  between  the  atmospheric  engine  of 
Newcomen  and  the  modern  steam-engines  of  Watt  andCTsnt  ? 
On  what  is  the  efficacy  of  heat  as  a  moving  power  dependent  ? 
In  what  other  modes  i^  heat  occasionally  applied  to  produce  mechanis 
ction  ? 

What  other  imponderable  agent,  besides,  heat,  i«  occasionally  employ- 
a  uau  moving  force  ? 
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tipB  ci  the  pendulum  is  maintained  by  the  impulse  of  electricity^ 
which  it  receives  by  moving  between  two  galvanic  piles,  the  ball  or 
or  bob  beingr  furnished  wi£  a  conductor,  which  in  its  oscillations^ 
approaching  either  pile,  alternately,  is  repelled  by  the  dischartfe 
qf  the  electric  fluid ;  and  the  regular  action  of  the  whole  of  the 
ipachinerr  is  kept  up. 

S67.  llieee  cursory  observations  will  afford  some  general  ideas 
of  the  nature  and  extent  of  the  moving  powers  originating  from 
the  influence  of  elastic  fluids,  heat,  and  electricity ;  but  the  iurther 
discQS9ion  of  these  topics  must  be  referred  to  the  subsequent  por- 
tion of  this  work,  where  the  phenomena  connected  with  these 
subjectv  wiU  be  distinctly  noticed.  There  are,  however,  besides 
Uiose  moving  powers,  the  operation  of  which  depends  on  the  phy- 
sical prpperties  of  matter  in  different  states  of  aggregation,  other 
mechanical  agents,  the  effects  of  which  arise  from  the  vital  ener* 
gy  of  animated  beings ;  ^nd  concerning  these  some  details  may 
here  be  properly  intr^uc^. 

258.  llie  application  of  the  natural  strength  of  man  must  have 
preceded  the  employment  of  all  other  moving  powers ;  and  we 
(now  from  history,  that  ever  since  a  very  remote  period  brute  ani- 
mals have  likewise  been  rendered  subservient  to  the  purposes  of 
9rt  and  industry.  The  employment  of  oxen  and  horses  in  the 
labours  of  the  field  must  have  originateid  in  the  earliest  ages ;  and 
the  sirt  of  training  beasts  of  different  kinds  to  exert  their  strength 
for  the  benefit  of  man  has  been  known  and  practised  among  almost 
all  nations  except  those  in  the  very  rudest  state  of  society. 

259.  The  mechanical  effects  produced  by  the  muscular  exertions 
of  living  beings  cannot  be  subj<?cted  to  calculation  on  precisely 
the  same  principles  as  the  moving  power  of  a  weighing-machine 
or  a  steam-engine ;  nor  even  can  they  be  estimated  with  so  much 
precision  as  the  efficient  power  of  a  windmill  or  a  water-wheel ; 
but  there  are  modes  of  obtaining  data  whence  to  determine  the 
▼alne  of  animal  strength  as  a  mechanical  agent,  which  may  serve 
to  indicate  the  comparative  product  of  labour  from  that  and  other 
sources,  and  enable  us  to  discover  their  relative  importance  for 
any  given  purpose. 

260.  The  usual  method  of  computing  the  mechanical  value  or 
efficiency  of  labour  is  from  the  weiffht  it  is  capable  of  elevating  to 
a  certain  height  in  a  given  time,  me  product  of  these  three  mea- 
sores  (weight,  apace,  and  time)  denoting  the  absolute  quantity  of 
performance.  But  these  measures  have  obviously  a  mutual  rela- 
tion which  will  affect  the  result ;  for  great  speed  will  occasion  a 

Describe  Bisnchi's  nlranic  elock. 

On  vhat  do  the  CTCCts  of  animal  efforts  depend  when  employed  for 
mrehanical  purposes  ? 
What  were  amoog  the  carlie9t  xooUc  moving  forces  employed  in  the 

»rts  •' 
Can  the  power  of  animals  be  accurately  computed  by  their  weight  and 

velooi^  ? 

Wiiat  three  elements  enter  into  Ihe  eomputaUou  o€  anVmaiV  '^^^x  \ 
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waste  of  force,  and  shorten  the  period  daring  which  it  ean  be  «• 
erted.  It  was  computed  by  Daniel  Bernoulli  and  Desagidieni 
that  a  man  could  raise  two  millions  of  pounds  avoirdapois  one 
foot  in  a  day.  But  some  Mrriters  have  calculated  that  a  labooier 
will  lift  ten  pounds  to  a  height  of  ten  feet  eTery  second,  and 
continue  to  work  at  that  rate  during  ten  hours  in  a  day,  raifling  in 
that  time  3,600,000  lbs.  But  these  estimates  are  certainly  incor- 
rect, and  appear  to  have  been  founded  on  inferences  drawn  from 
momentary  exertions  under  favourable  circumstances.  Smeaton 
states  that  six  good  labourers  would  raise  31,141  cubic  fe^tof 
sea-water  to  the  height  of  four  feet  in  four  hours ;  so  that  they 
would  raise  about  540,000  pounds  each  to  the  hei^t  of  ten  feet 
in  twenty-four  hours. 

261.  Coulomb  has  furnished  some  of  the  most  exact  and  Tsried 
observations  on  the  measure  of  human  labour.  A  man  will  climb 
a  staircase  from  70  to  100  feet  high,  at  the  rate  of  45  feet  in  a  mi* 
nute;  and  hence,  reckoning  the  man's  weight  at  155  pounds,  the 
animal  exertion  for  one  minute  would  be  6975,  and  would  amount 
to  4,185,900,  if  continued  for  ten  hours.  But  such  exercise  would 
be  too  violent  to  be  thus  continued.  A  person  mig^t  ascend  a 
rock  500  feet  high  hj  a  ladder-stair  in  twenty  minutes,  or  at  die 
rate  of  25  feet  a  minute :  his  efforts  are  thus  already  impairedi 
and  the  performance  reduce^toonly  3875  in  a  minute. 

262.  But  with  the  incumbrafice  of  a  load  the  quantity  of  aetioi 
must  be  yet  more  remarkably  diminished.  A  porter  weighing 
140  pounds,  who  could  climb  a  staircase  forty  feet  high  two 
hundred  and  sixty-six  times  in  a  day,  was  able  to  carry  up  only 
sixty-six  loads  of  fire-wood,  each  weighing  163  pounds.  In  the 
former  case,  his  daily  performance  was  very  nearly  1,489,600; 
while  in  the  latter  it  amounted  to  only  799,920.  The  quantity 
of  permanent  effect  in  the  latter  case*  therefore  was  only  about 
800,000,  or  little  more  than  half  the  labour  exerted  in  mere  climbing. 
A  man,  drawing  water  from  a  well  by  means  of  a  double  budrot, 
may  raise  36  pounds  one  hundred  and  twenty  times  a  day,  firom  t 
depth  of  120  feet,  the  total  effect  being  518,400.  A  skilful  labooror 
working  in  the  field  with  a  largre  hoe  produced  an  effect  equal  to 
728,000.  When  the  agency  of  a  winch  is  employed  in  turning  a 
machine,  the  peribrmance  is  still  greater,  amounting  to  845,000. 

263.  The  effective  force  of  human  exertion  differs  according  to 
the  manner  in  which  it  is  applied.  From  some  experiments  made 
by  Mr.  Robertson  Buchanan,  it  was  ascertained  that  the  labour 
of  a  man  employed  in  working  a  pump,  turning  a  winch,  ringing 

What  arc  the  suppositions  adopted  by  Bernoulli  and  Desaguliert  in  re- 
gard to  the  amount  of  human  eflfort  ? 

To  what  results  did  Coulomb  arrive  in  respect  to  the  speed  of  hnnun 
movements,  and  to  the  continued  daily  labour  of  men  when  working  oidy 
to  raise  their  own  weight,  and  when  carrying  up  additional  burdens  ? 

According  to  what  circumstances  does  the  effective  force  of  human  ei- 
ertioii  vary  r 


*  The  tuefltl  effect  in  the  former  cate  was  0 « in  the  latter  it  was  430,SflOL 
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». belly  and  rowing  a  boat,  might  be  represented  respectiTely  by  the 
iininliera  100,  1679  ^^»  ^nd  248.  Hence  it  appears  tiiat  the  act  of 
rq^ng.is  an  adyantageous  method  of  applying  human  strenffth. 

)304.  A  London  porter  is  accustomed  to  carry  a  burden  of  two 
honored  pounds  at  the  rate  of  three  miles  an  hour ;  and  a  couple 
of  Insli  c}iainnen  will  walk  four  miles  an  hour,  with  a  load  of  300 
poondfl.  3at  these  ex^jtions  are  by  no  means  eauivalent  to  those 
of  the  ainewT  porters  in  Turkey,  the  Levant,  ana  other  parts  bor- 
deiiiig  Q^  tne  lyjtedjterranean.  At  Constantinople,  an  Albanian 
will  eanydOO  or  S|00  pounds  on  his  back*  stoo[)ing  forward,  and 
assistiiiff  his  .steps  b^  .a  short  staff.  At  Marseilles,  four  porters 
commbi^y  i^urry  the  immense  load  of  nearly  two  tons,  by  means  of 
soft  Jiods  passui^  over  ^eir  heads,  ^nd  resting  on  their  shoulders, 
idtti  the  ends  of  ^e  poles  from  which  the  goods  are  suspended. 

265.  Tlie  jQiost  e^tniDrdinaxy  instances  of  muscular  exertion  in 
the  cpi^a^  of  burdens  are  those  exhibited  by  the  cs^rueros  or 
canity  a  cjass  of  men  in  the  mountainous  parts  of  Peru,  who 
are  empl6yf|d  jn  c^Lrrring  trayellers.  Humboldt,  in  relating  the 
dgreoinstaiiQes  pf  tus  aescent  on  the  western  side  of  the  Cordulera 
cdf  fhp  Ai^es,  gives  some  account  of  the  cargueros.  It  is  as  usual 
in  4hf t  jcpunliir  fiur  people  to  t^k  of  going  a  journey  on  a  man's 
baoky  as  it  ip  in  Oftber  countries  to  speak  of  going  on  horse  back* 
N(>j^ii'iiiflbM^g  i^^  M  Jittaohed  to  the  ocqupation  of  a  man-carrier  f 
^^'thg^e  inrlii^^  it  are  not  Indismp,  but  Mulattoes,  and 

sometimes  .wiiites.  ^The  .usual  load  of  a  ca^ero  is  from  16Q  to 
l^iMniiids  Wjcdght,  ^d  jthoiie  who  are  very  strong  wiU  carry  as 
ouicuiss  I^otwitbstanding  the  enormous  fati^e  to 

^Jufjh\wqse  xne^  a^  ^q>oaed,  carrying  such  loads  for  eight  or 
ninuD  hqivni  a  day*  oyer  fi  ^nouintainous  country,  though  their  backs 
are  ofkeii  as  raw  as  thofie  of  beasts  of  burden,  though  travellers 
iiave  aoijnetimes  the  cruel^  to  leave  them  in  the  forests  when  they 
611' sick,  and  &ongh  their  scanty  earnings  during  a  journey  of 
fifteen  or  even  thbty  days  is  not  more  than  from  11  to  12  dollars, 
yet  the  emplayinent  of  a  caiguero  is  eagerly  embraced  by  all  the 
roboat  yoong  men  who  live  at  the  foot  of  the  mountains.* 

S66«  The  diiSerent  races  of  mankind  display  much  diversity  of 
mascnlar  a^reiiffth ;  though  in  all  cases  much  must  depend  on  the 
conatitniion  f^id  habits  of  the  individual.  M.  Peron  f  has  stated 
tfie  r^epUs  of  pome  interesting  experiments  which  he  made  to 

In  FhM  kind  of  e^^ertion  did  Buchanan  find  the  greatest,  and  in  what 
die  Ittaatadtaiitageoas  employment  of  the  strength  of  men  f 

What  kriking  ezainplei  ean  yoa  enumerate  of  the  transportation  of 
hcsTT  loads  f 

Wno'i^  die  eareaeroB,  and  what  feats  of  strength  are  related  of  them 
bjHomboldt?     -^-^        ■■ 

*  See  ll9inbordt*i  maearehei  eoneernine  the  ancient  inhabitants  of 
Ai^erlca ;  '-wtWIk  "A—t^j^on*  of  the  most  stnking  Scenes  in  the  Cordille* 
Ai.    tAodon,  tSR' 

t  Voyage  de  Deeouvertes  aax  Torres  Australet,  h\K  \fKC  Ot^t«  ^^«»e» 
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discover  the  relative  mechanical  power  of  individuals  of  different 
nations.  For  that  purpose  he  used  an  instrument  called  a  Dynft- 
mometer,  which,  hy  the  application  of  spiral  springs,  to  a  gradu- 
ated scale,  afforded  the  means  of  estimating  the  forces  exerted  bv 
the  persons  who  were  the  subjects  of  his  experiments.  He  col- 
lecvsd  by  this  method  a  number  of  facts,  which  he  conceived  su^ 
ficient  to  enable  him  to  deduce  from  them  the  medium  forces  or 
powers  of  exertio/i  of  the  inhabitants  of  the  Island  of  Hmor,  of 
New  Holland,  and  Van  Diemen's  Land,  and  to  compare  them 
with  those  of  the  English  and  the  French.  The  followinflr  is  ihe 
order  of  arrangement,  commencing  with  the  weakest:  Manual 
force— Van  Diemen's  Land,  N.  Hdland,  Timor,  French,  English. 
The  proportion  between  the  two  extremes  is  nearly  as  5  to  7. 
Lumbo-dorsal  force,  \^force  des  reifu]— -the  order  the  same  as 
before ;  but  the  proportion  between  the  extremes,  as  5  to  8. 

267.  The  labour  of  a  horse  in  a  day  is  usuall]^  reckoned  equal 
to  that  of  five  men ;  but  then  the  horse  works  only  ei^t  hours,  wnile 
a  man  can  easily  continue  his  exertions  for  ten.  Horser  ^phy 
-greater  power  in  carrying  than  in  drawing;  yet  an  active  wallcer 
will  beat  them  in  a  long  journey.  Their  effective  force  in  traction 
seldom  exceeds  144  pounds,  but  they  are  able  to  carry  six  times 
that  weight.*  The  pack-horses  in  the  West  Riding  of  Yorkshire, 
England,  are  accustomed  to  convey  loads  of  430  pounds  over  a 
hilly  country ;  and  in  many  parts  of  that  country  the  miU-hoises  wiU 
carry  the  burden  of  even  910  pounds,  for  a  short  distance. 

268.  The  most  advantageous  load  for  a  horse  must  be  that  with 
which  his  speed  will  be  greatest  in  proportion  to  the  weight  car- 
ried. Thus,  if  the  greatest  speed  at  which  a  horse  can  travel 
unloaded  be  15  miles  an  hour,  and  the  greatest  weight  he  could 
sustain  without  moving  be  supposed  to  be  divided  into  225  parts, 
then  his  labour  will  be  most  effective  when,  loaded  with  100  of 
those  parts,  he  travels  at  the  rate  of  five  miles  an  hour.  The  com- 
mon estimate  of  horse-power  adopted  in  calculating  the  effect  of 
steam-engines  is  wholly  hypothetical.  It  is  stated  by  Watt  to  be 
that  which  will  raise  a  weight  of  33,000  pounds  the  height  of  one 
foot  in  a  minute  of  time,  equal  to  raising  about  90  pounds  four 
miles  an  hour.  Another  estimate  reduces  the  weight  to  29,000 
pounds  raised  one  foot  in  a  minute,  equivalent  to  100  pounds  9) 
miles  an  hour.  This  mode  of  calculation  seems  to  have  been  intro- 
daced  as  a  matter  of  convenience,  when  the  use  of  horses  in  mills 
and  factories  was  superseded  by  that  of  steam-engines ;  and  must 
have  been  adopted  m  order  to  show  the  supenority  of  steam- 
To  what  extent  did  Peron  discover  that  different  nations  vary  la  IIm 

forces  which  they  can  exert  in  different  modes  of  exertion  ? 

In  what  manner  do  horses  exert  their  strength  to  greatest  advant^^  ? 

What  is  generally  found  to  be  their  effective  force  of  traetioa  ? 

What  will  be  found  the  most  advantageous  load  for  a  hav—  f 

What  is  the  estimate  of  horse-power  assigned  by  Watt  in  oalenlatllig 
the  effect  of  steam-engines  f 


■  ivia)   ■■    im  ^^mtr^^^mmmt^a^ 


*lt  docs  not  follow  that  it  itbeitev  \o  u«e  ^cfc-hortet  than  wa{|oiiaf-4Sib 
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engines  over  horses  according  to  the  most  exagrgerated  statement 
of  the  power  of  the  latter. 

369.  The  ass,  though  far  inferior  to  the  horse  in  strength,  is  yet 
a  most  serviceable  beast  of  burden  to  the  poor,  as  he  is  easily 
maintained  at  little  cost.  It  has  been  found  that  in  England,  an 
ASS  will  carry  about  220  pounds  twenty  miles  a  day;  but  in 
warmer  climates,  where  he  becomes  a  larger  and  finer  animal, 
he  may  be  made  to  trot  or  amble  briskly  with,  a  load  of  150 
pounds. 

270.  Dogs  are  now  frequently  used  for  draught  in  various  coun- 
tries. The  Kamtschatdales,  Esquimaux,  and  some  other  north- 
ern people,  employteams  of  dogs  to  draw  sledges  over  the  frozen 
surface  of  snow.  They  are  harnessed  in  a  line,  sometimes  to  the 
number  of  eight  or  ten,  and  they  perform  their  work  with  speed, 
steadiness,  and  perseverance.  Captain  Lyon,  when  he  visited  the 
Arctic  regions,  had  nine  of  these  dogs,  who  dragged  1610  pounds 
a  mile  in  nine  minutes,  and  worked  in  this  manner  during  seven 
or  eight  hours  in  a  day.  Such  dogs  will  draw  a  heavy  sledge  to 
a  considerable  distance,  at  the  rate  of  13  or  14  miles  an  hour;  and 
they  will  travel  long  journeys  at  half  that  rate,  each  of  them  pul- 
ling the  weight  of  130  pounds.* 

^1.  The  elephant  was  used  by  the  Romans  for  the  purposes 
of  war,  as  it  is  still  in  India,  and  other  oriental  countries.  His 
Btiength  is  reckoned  equivalent  to  that  of  six  horses,  but  the  quan- 
tity of  food  he  consumes  is  much  greater  in  proportion.  An  ele- 
phant will  carry  a  load  of  3000  or  4000  pounas ;  his  ordinary  pace 
IS  equal  to  tiiat  of  a  slow-trottinff  horse ;  he  travels  easily  40  or 
50  miles  a  day;  and  has  been  known  to  go  110  miles  in  that 
time. 

372.  The  camel  is  a  most  valuable  beast  of  burden  on  the  sandy 
plains  on  both  sides  of  the  Red  Sea ;  for  traversing  which,  the 
animal  might  seem  to  have  been  expressly  created.  Some  camels 
are  able  to  carry  10  or  12  hundredweight ;  others  not  more  than  6 
or  7;  and  with  such  loads  they  will  walk  at  the  rate  of  2}  miles 
an  hour,  and  travel  regularly  about  30  miles  a  day,  for  many  days 
toffether,  being  able  to  subsist  eight  or  nine  days  without  water, 
wSa  with  a  very  scanty  supply  of  the  coarsest  provender. 

373.  The  dromedary  is  a  smaller  species  of  camel,  chiefly  used 
for  riding,  being  capable  of  travelling  with  greater  speed  than  the 
larger  camel,  but  not  equally  proof  against  exhaustion.  The  best 
Arabian  camel  or  dromedary,  after  utiee  whole  days'  abstinence 

For  vhat  parpoies  have  dogs  often  been  employed  ? 
At  what  ^peea,  and  with  what  loads,  can  the  Aixtic  dogs  travel  ? 
At  what  speed,  and  with  what  load,  can  the  elephant  travel  P 
What  eiroumstances  of  its  constitution  adapt  the  camel  for  usefulnesa 
iQ  the  particular  climate  where  it  is  found  to  subsist? 
For  what  partieolar  labour  is  the  dromedary  adapted  } 

*  The  exhibition  called  the  Hall  of  Indnstnr,  show » the  fot^^  ^l  ^<(v^ 
applying  their  strength  on  njieandle  mc£m«d^Mme.—- 'Ea^ 
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from  water,  shows  manifest  symptoms  of  great  distress ;  though 
it  might  possibly  be  able  to  travel  five  days  yithout  drinking; 
which,  however,  can  seldom  or  never  b6  required,  as  it  appears 
that,  in  the  different  routes  across  th6  desert  of  Arabia,  there  ture 
wells  not  more  at  the  utmost  thaH  3}  days'  journey  from  each 
other.  Exaggerated  statements  have  been  given  of  the  speed  of 
this  animal ;  me  most  extraordinieury  p^rfoiDtian&e  of  which  the 
traveller  Burkhardt  ever  obtained  atlthientic  information  having 
been  a  journey  of  115  miles  in  eleven  hours,  including  two  passa-^ 
ges  Across  the  Nile  in  a  ferry-boat,  requiiing  twenty  minutes  each. 
The  same  traveller  conjectured  that  the  anipial  might  haVe  travel- 
led 200  miles  in  twenty-four  hours.  A  Bedouin  Ara.b  has  been 
known  to  ride  express  from  Cairo  to  Mecca,  750  miles,  upon  a 
dromedary,  in  five  days.  Twelve  miled  an  hour  is'  the  utmost 
trottin^-pace  of  the  smaller  camel ;  and  though  it  niay  gallop  9 
miles  m  half  an  hour,  it  cannot  continue  for  a  longer  time  mat 
unnatural  pace.  It  ambles  easily  at  the  rate  of  5^  nules  all  hour; 
and  if  fed  properly  every  evening,  or  even  once  in  two  days,  it  will 
continue  to  travel  at  that  rate  five  or  six  days. 

274.  The  lama,  or  guanaco,  is  a  kind  of  dwarf  camel,  which 
is  a  native  of  Peru ;  and  it  was  the  only  beast  of  burden  employed 
by  the  ancient  inhabitants  of  that  country.  It  is  easily  tamed, 
feeBs  on  moss,  and  being  admirably  adapted  for  travensingits  usual 
haunts,  the  lofty  Andes,  it  is  still  employed  to  carry  booAb.  The 
strongest  of  these  animals  will  travel,  with  a  load  of  fr(»n  150  to 
200  pounds,  about  fifteen  miles  a  day  over  the  roughtet  moan- 
tains.  There  is  a  smaller  animal  of  a  similar  nature,  called  the 
Pacos,  which  is  also  now  used  by  the  Peruvians  in  transporting 
merchandise  over  the  mountains ;  but  which  will  carry  only  from 
50  to  70  pounds. 

275.  Oxen  have  been,  in  many  countries,  employed  in  the  la- 
bours of  husbandry,  instead  of  horses.  They  are,  however,  infe- 
rior, not  only  on  account  of  the  softness  of  their  hoofs,  which 
renders  them,  if  unshod,  unfit  for  any  except  field  work,  bat 
likewise  as  bein^  comparatively  unprofitable.  A  team  of  oxen 
capable  of  ploughing  as  much  land  as  a  pair  of  horses  will  require 
for  support  the  produce  of  one-fourth  more  land,  after  allowing  for 
the  increase  of  weight  and  value. 

276.  In  some  parts  of  Europe  the  goat  is  made  to  labour,  by 
treading  a  wheel  to  raise  ore  or  water  from  a  mine.  ^niOY  are,  in 
England,  sometimes  harnessed  to  miniature  carriages  for  children; 
and  in  Holland  the  children  of  the  rich  burghers  are  thus  dnym 
by  goats,  gaily  caparisoned,  and  yoked  to  light  chariots.    The 

Whnt  is  the  greatest  speed  of  the  camel  ? 
At  what  constant  rate  can  it  usually  travel  ? 
What  is  the  load  and  speed  of  the  lama  of  Sooth  Ahaeriea  ? 
Why  are  oxen  inferior  to  horses  in  the  labours  of  husbandrv  ? 
In  what  manner  has  the  goat  been  employed  as  a  meehanieal  agent  ? 
In  what  region,  and  for  what  v^r^ae^  is  the  rein-deer  made  ■olMer' 
nent  to  the  purposed  of  main  ? 
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rein-deer  of  Lapland  is  a  most  senriceabli  beast  of  draught  in  the 
frozen  regions  of  the  north.  Two  of  these  deer,  harnessed  to  a 
sledge  for  one  person,  will  ran  50  or  60  miles  on  the  stretch;  and 
they  have  been  known  to  travel  thus  112  miles  in  the  oomse  of  a 
day. 

At  vhat  ipeed  can  this  animal  travd  f 


The  foregoing  statements  and  illustrations  will,  in  general,  be 
found  sufficient  for  the  class  of  students  for  whose  use  this  work 
b  chiefly  designed.  For  the  use  of  teachers  and  others  who  may 
desire  to  pursue  the  subject  more  into  detail,  and  to  find  rigorous 
demonstrations  of  the  principles  above  laid  down,  we  would  make 
the  following  references  to  works  which  may  with  more  or  less 
feeility  be  obtained  by  the  American  reader. 

Cambridge  Mechanics,  by  Prof.  Farrar,  p.  13 — ^378. 
Fischer's  Elements  of  ^Jatural  Philosophy,  p.  10 — 52. 
Playfair's  Outlines  of  Natural  Philosophy,  p.  19—168. 
Boucharlat,  translated  from  the  French  by  Professor  Courtney 
Gregory's  Mechanics. 

Library  of  Useful  Knowledge,  article  Mechanics^  three  num* 
bars. 
Robinson's  Mechanics,  edited  by  Dr.  Brewster,  in  4  vols. 
Young's  Mechanics. 
Lagrange  M^canique  Analytique. 
Biot  Traits  de  Physique. 
Journal  of  the  Franklin  Institute,  pagsim. 

Many  more  works  might  be  named,  but  the  above  it  is  believed 
will  constitute  a  sufficient  collection  of  subsidiary  works  to  aid 
the  teacher  in  his  private  investigations  under  the  oifferent  heads 
embraced  in  the  preceding  treatise. — Ed. 


HYDROSTATICS. 

1.  As  the  science  of  Mechanics  treats  of  the  plianomona  depMid* 
Ing  on  the  properties  of  weight  and  noobility  in  solid  bodies,  so 
Hydrostatics  relates  to  the  peculiar  efifects  of  the  weight  and  mo- 
bility of  liquids.  The  term  hydrostatics  properly  denotes  the 
stability  of  water,*  or  in  a  more  eittensive  acceptation,  the  pies- 
sure  and  equilibrium  of  liquids  at  rest.  The  effects  produced  by 
the  flowing  of  water  or  any  other  liquid,  have  sometimes  been 
regarded  as  appertaining  to  a  distinct  department  of  natural  phi- 
losophy, namea  Hydraulics  ;'|'  and  occasionally  the  whole  doctrine 
of  mechanical  science  as  applicable  to  liquids  has  been  treated 
of  under  the  designation  ot  Hydrodynamics,:^  which,  however, 
seems  to  possess  no  such  peculiar  property  as  to  warrant  its  gene- 
ral adoption  ;  and  therefore  the  term  Hydrostatics  may  be  retained 
as  denoting  the  science  whose  object  is  to  explain  the  phenomena 
arising  from  the  influence  of  gravitation  on  water  and  other 
liquids  whether  in  the  state  of  rest  or  in  that  of  motion. 

2.  Liquids  differ  in  some  of  their  distinguishing  properties  from 
solids,  and  in  others  from  gases  or  aerial  fluids;  forminfir  an  inter- 
mediate class  of  bodies.  A  solid,  by  the  disintesrration  of  its  parts, 
may  be  reduced  to  a  state  bearing  some  resemblance  to  that  of  a 
liquid,  thus  fine  sand  or  any  light  powder  will  yield  to  pressure  in 
every  direction,  almost  as  readily  as  water ;  but  tiie  resemblance 
is  still  extremely  imperfect.  Viscous  fluids,  as  train  oil  or  trea- 
cle, approach  to  the  nature  of  solids ;  and  indeed  the  distinction 
between  such  liquid  substances  and  some  of  the  snfter  solids,  as 
butter  or  honey,  depends  much  on  tiieir  relation  to  heat,  their  con- 
sistence or  relative  density  varying  with  tiie  temperature  to  which 
they  are  expoeed. 

3.  As  the  effect  of  temperature  on  diflbrent  bodies  will  consti- 
tute the  subject  of  a  separate  treatise,  it  will  be  sufficient  at  pre- 
sent to  state  that  the  peculiar  degrees  of  density  and  tenacity  of 
IP  organized  substances,  constituting  the  respective  states  of  soli- 
dity and  fluidity,  with  their  various  modincations,  seem  to  be 
chiefly  influenced  by  heat  and  pressure  ;  so  that  a  particular  sub- 
st  mce,  as  water,  may  exist  under  diflfercnt  forms^  depending  on 
the  circumstances  in  which  it  is  placed.  Thus  a  certain  despree 
of  cold  will  convert  water  into  a  hard  solid,  as  ice  or  hail,  which, 
when  melted  by  heat,  produces  a  liquid  diflering  in  no  respect 
from  the  water  of  which  it  was  formed ;  and  this  when  exposed 

To  what  is  the  term  hydrotttftties  properly  applied  ? 

To  v^hat  is  hydrauUa  tomelimeB  appropriated  ? 

WhHt  other  term  has  been  used  to  denote  tkc  raeclMtnical  properUet 
aiul  effects  of  liquids  ? 

Ill  what  manner  may  solid  substances  he  made  to  resemble  liquids? 

What  class  of  liquids  bear  an  analogy  to  solid  bodies  ?  What  cireuin- 
stances  influence  the  density  and  tenacity  of  unorganized  suhstaneet  ? 

•  From  TJa:<),  water»  and  «T»<r«5,  standing;.       t  From  TJa-p,  and  «u».e(,  a 
P'P^'  X  From  \  t«* ^  SLud  Sm^ »(t  i^,  power. 
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to  a  6uMctently  hi^h  temperature,  will  efiporate  or  become  steam, 
which  may  be  again  conaensed  or  restored  to  the  liquid  state  by 
cold.  Mercury  commonly  occurs  in  the  form  of  a  very  dense 
liquid ;  but  it  may^  like  water,  be  condensed  or  frozen  bj  exposure 
to  an  extremely  low  temperature,  and  be  made  to  boil  or  eyap<^ 
rate  by  subjecting  it  to  a  great  degree  of  heat.  The  other  metels 
differ  £rom  mercury  only  in  remaining  solid  in  higher  temperatures 
than  that  substance ;  but  they  all  melt  with  various  degrees  of 
heat,  and  become  sublimed  or  evaporated  when  the  heat  is  gpreatly 
raised  above  the  melting  point. 

4.  Since  the  same  land  of  matter  may  exist  under  different 
states  or  forms,  it  follows  that  lic[uids  must  be  composed  of  the 
same  particles  as  solids,  and  the  difference  between  a  liquid  and 
a  solia  may  be  conceived  to  arise,  merely,  from  peculiar  modificsp 
tions  of  the  cohesive  attraction  which  takes  place  between  the 
constituent  molecules  or  particles  of  such  bodies  respectively. 
The  particles  of  elastic  solids  must  be  capable  of  a  sort  of  vibra- 
tory motion,  from  sudden  pressure,  but  itkey  will  always  resume 
the  same  position  as  soon  as  the  vibration  ceases,  unless  it  be  so 
violent  as  to  occasion  a  permanent  separation  of  the  particles, 
when  the  solid  becomes  broken  or  pulverised.  Now  liquids  have 
their  eonstituent  particles,  held  together  like  those  of  solids,  by 
eohesive  attraction,  but  they  osculate  on  the  application  of  the 
sUi^test  impulse ;  and  there  seems  to  be  such  a  general  relation 
of  all  the  particles  to  each  other,  that  when  the  connexion  between 
any  two  particles  is  broken,  by  shaking  or  otherwise  agitating 
the  mass  of  which  they  form  a  portion,  they  readily  become  at- 
tiacted  by  any  other  particles  with  which  they  may  happen  to 
come  in  contact,  new  cohesions  take  place,  and  when  the  dis- 
turbinff  force  is  removed,  ^e  general  equilibrium  is  restored 
throumout  the  liquid  mass. 

5.  The  cohesive  attraction  between  the  particles  of  liquids  is 
demonstrated  by  the  globular  figure  which  they  assume,  when  no 
external  force  interferes  with  the  aggregation  of  the  mass.  This 
appears  in  the  case  of  mercury  thrown  in  small  portions  on  a  china 
plate,  or  on  any  surfece  which  exercises  on  it  no  chemical  attrac- 
tion ;  when  the  minute  portions  into  which  it  will  become  separated, 
will  be  found  to  be  perfect  spherules,  the  larger  ones  only  being 
slightly  flattened  by  the  pressure  occasioned  by  their  own  weight 
on  the  plate.    Similar  spherules,  consisting  of  drops  of  virater. 

Through  what  taeeessive  changes  of  state  may  bodies  occasionally  pass  ? 

Give  tome  examples  of  these  changes  ? 

WbeiMe  aritet  the  differenee  between  a  liquid  and  a  solid  bodj  ? 

Of  what  action  are  the  particles  of  elastic  solids  necessarily  suscepti- 
ble? 

Jir  what  force  are  the  particles  of  liquids  held  together? 

What  wmitituies  the  differenee  between  breaking  a  solid  and  separat- 
ii^  the  parts  of  a  liquid  ? 

How  U  the  eohedve  attraelion  betireen  the  pariAe\e«  oC  aWcraA^  ^«c&n^ 
Itratedf  ^  ^ 
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are  fiMrmed  by  dew  off  a||R  on  the  Woad  lemires  ol  Mme  Uadfl  if 
vegetables,  as  those  otthe  commoa  eole-wori  or  eabbage.  M( 
•bowoTer,  tiie  drops  become  lam,  as  wbm  two  sr  three  mn  lopi^ 
1her«  they  spread  oat  at  the  ed^pes,  sinking  down,  and  heesangf 
ibtlened,  fsrtly  thioogh  their  own  weig^  and  pvitiiy  ewi«f  Is 
llw  attnntion  iMtween  tfie  waeler  and  te  sorfiKs  of  liie  Issll 

6.  Thiegenaiata}yas>aeeoffig«ewfaiehliyiidsasswmS^w^ 
at  vest  is  me  joint  eneot  of  the  eKtresae  mobility  of  llMtreoaslita* 
ent  particlnst  of  Ifae  giatitaiioa  of  Uqiad  massea,  and  of  tear  a^ 
traction  for  the  solids  on  whieh  they  are  sostained*  Hcmee  when 
m  liqaid  in  soy  comiderafale  qimnti^  is  ^ovsd  into  a  ▼eaaol  of 
«ay  ahaps  whatewr,  it  adapta  itself  ttacdy  to  the  IniamBl  aaifras 
nf  the  Tessst,  the  smmjor  sff  nasoiiflnsd  soifaes  of  the  iayiid  fatm* 
iag  a  hoiiBontBl  pim,  ususUy  laised  m  little  at  4m  ridiss  or 
border  of  the  vessel,  where  the  iiyild  Is  aUtiHed  by  As  swUsiai 
ing  solid  with  whicfa  il  denies  in  oontact. 

7.  When  aaimmenss  buss  of  liqaid  pissents  a  euntinund  s»- 
faee,  its  fbim  wSi  be  a  poMiott  of  a  eonveat  aphera;  becaaae  Ihs 
eellective  graTilation  or  dQ  its  psrtiBlei  towaida  ths  esntve  of  Ihs 
eardi  esasee  it  to  partake  of  me  general  figrae  of  te  taiiwliisi 
globe.  This,  indeed,  wiU  ba  the  ease  with  eoaapamthrely  sanil 
bodies  of  li^;  but  when  it  m  considsred  that  the  ladma  ^  Ihs 
sphere,  of  which  any  sanh  liqaid  siuIsm)  Ibnnsd  m  part,  wanM  bs 
eqnaltohatflbedianMtarof  the  aartf^lt  nmst  be  msnlit  Aat 
Hw  diffimace  between  the  sitttes  of  a  snail  poitisn  «f  smIi  a 
l|ibiini  and  a  honsootsl  nlaae  woald  be  too  incoasidenibia  tD  bs 
mstinguidked.  Vast  eolkelions  of  water,  however,  as  1km  apm 
seayuToffd  deeisivaindiealsonsof  8aMifieialearTatnia,aauHiglhs 
Buwt  striking  of  whidi  Is  As  fact  fliat  wbsn  a  vassri  first 
in  sight  its  maslhsad  alons  is  visibis,  and  the  lower  parte 
saccessively  as  it  anproaches  the  obsenrar,  rising  aa  it 
of  the  bosom  of  the  oeeah. 

6.  Among  tiw  piopernea  in  whioh  licjaids  diifer  meat 
bly  from  gases,  is  tlM  power  of  sostaimn^  pressnre  to  a^  i 
me  extent,  without  nndeigoing  sny  obvioas  dtanga  <of 
Common  mr,  stsaas,  and  otiier  dastie  fioids,  aa  they  an  teamed, 
may  be  eompressed  by  very  BMderate  fbroe,  and  on  its  namval 
they  ezpmid  to  their  original  dimensions,  aa  may  be  aarfirtalned 
by  sqaeeaing  a  blown  blMder ;  bntalesdier  baw  (nt  stmur bladder 
filled  with  water,  and  ssemad  so  that  none  of  the  liqaid  oaa  ea- 
cape,  may  be  burst  by  forcible  compression,  but  cannot  be  made 
to  exhibit  any  sensible  degree  of  contra^^n.    Sach  indeed  ia  the 

On  what  diree  eirwunitaawti  does  the  figure  anomed  by  a  ttqmid  at 
rest  depend  ? 
What  ia  the  external  form  of  a  large  man  of  liqaid  ? 
Whj  is  this  form  taken  rather  than  m  other  ? 
What  seoaiUe  eridenoe  it  afforded  of  the  sphersaal  fixw  of  the  earth  ? 
In  what  respect  do  liqoSds  differ  essentially  frasi  gSKS  f 
Hov  wtm  water  Ibrmerly  regarded  ia  Tecpeat  to  oompnMsibUil^  f 
On  wb»t  tirperiroent  wasthu  opinion  fota^^t^) 
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extraordinary  resistance  of  water,  when  subjected  to  pressure  on 
all  sides,  that  it  was  long  resided  as  absolutely  incornpressible. 
This  opinion  was  partly  founded  on  an  experiment  made  m  the  six- 
teenth century,  by  the  members  of  a  scientific  society  at  Florence, 
called  Academia  del  Cimento.  These  philosophers  conceived  the 
idea  of  enclosing  a  ^uanti^  of  water  in  a  hollow  globe  of  beaten 
gold,  and  exposmg  it  to  the  powerful  action  of  a  screw  press, 
when  it  was  found  that  the  water  was  forced  through  the  pores 
of  the  gold  ball  or  case,  standing  in  drops  like  dew  on  its  exterior 
surface.  But  this  experiment,  can  by  no  means  be  considered  as 
demonstrating  the  entire  incompressibility  of  the  liquid ;  for 
though  it  obviously  displayed  vast  resistance  to  the  compressing 
force,  it  might  have  undergone  the  utmost  limit  of  condensation 
before  the  exudation  took  place ;  and  the  experiment  was  unsatis- 
factory, as  affording  no  means  whatever  for  appreciating  the  actual 
volume  of  the  water  at  the  moment  when  it  penetrated  the  solid 
envelope.  In  &ct,  nothing  more  could  be  inferred  from  such  an 
experiment,  but  that  water  is  not  susceptible  of  unlimited  con- 
densation. 

9.  The  fallacy  of  the  formerly  generally  received  notion  of  the 
absolute  incompressibility  of  water  was  proved  by  some  inge- 
niously contrived  experiments  by  Mr.  Canton,  a  fellow  of  Uie 
Royal  Society  of  London,  in  i761.  He  showed  that  water,  in- 
cluded in  a  glass  tube  with  a  large  bulb  or  hollow  globe  at  its  ex- 
tremi^,  expanded  and  consequently  stood  higher  in  the  tube  when 
placed  under  an  exhausted  receiver  than  when  subjected  to  the 
pressure  of  the  atmosphere,  and  on  the  contrary  was  condensed  pro- 
portionally, by  pressure  equal  to  the  weight  of  two  atmospheres. 
He  made  similar  experiments  on  spirit  of  wine,  olive  oil,  and 
mercury,  firom  which  it  appeared  that  those  liquids  undergo  con- 
densation, but  in  different  degprees,  when  subjected  to  compres- 
sioD.  In  conducting  these  experiments  proper  precautions  were 
adopted  to  prevent  any  inaccuracy  arising  from  variation  of  tem- 
perature ;  and  the  following  table  exhibits  the  results  obtained 
when  the  barometer  stood  at  29^  inches  and  the  thermometer  at 
50  degrees. 

10.  Spirit  of  wine  underwent  compression  amounting  to 

0.000,066  of  Its  bulk. 
Olive  oil,        -        .        -        0.000,048 
Rainwater,  -        -        0.000,046 

Sea  water,     ...        0.000,040 
Mercury,        -        -        -        0.000,003 
Hence  it  appears  that  mercury  is  far  less  compressible  than  water. 

What  legitimate  inference  can  be  drawn  from  the  Florentine  experi- 
ment ? 

Bj  whom  was  the  fallacv  of  the  opiuion  formerlj  entertained  respect- 
ing the  eompresaibility  of  water  first  demonstrated  ? 

State  the  manner  in  which  Canton's  experiments  were  conducted? 

What  other  liquids  besides  water  were  proved  by  Cantoci  to  W  ^i^oi&i^ 
pressible  ? 

L  3 
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11.  More  fecanlly,  e^nrimenls  on  ihb  inteiestingsulijaet  lttfl0 
been  instituted  by  M.  Oersted,  a  plulosopber  who  has  gieatlf 
distin^shed  himself  by  his  scientinc  leseaithes ;  add  tlie  rasiilts 
of  hlslnvesti^tions,  which  appear  to  liave  been  Teiy  caiefblly  eon* 
ducted,  correspond  nearly  wiui  fhoee  of  Canton,  the  eontraetiioa 
of  water,  under  pressure  equal  to  the  welflfat  of  an  additioDal 
atmosphere,  according  to  the  experiments  of  Oeristed,  amoonting 
to  0.000,045. 

12.  Experiments  hsTe  been  undertaken  in  England  witSi  a  new 
to  ascertain  the  effect  produced  by  subjecting  I^uids  to  compie»* 
sing  forces  of  vast  enerffy,  fSir  beyond  those  employed  in  tine  re- 
searches of  Canton  ana  Oersted.  In  ISSM).  an  aecoonft  was  laM 
before  the  Royal  Society  of  London  by  Mr.  Jacob  Perldns,  of 
some  experiments  fiom  which  he  inferred  that  water  had  suffined 
a  compression  of  about  one  per  cent,  of  its  bulk  by  a  preasure 
equal  to  100  atmospheres ;  and  in  other  experiments  the  com- 
pressing force  was  augmented  to  336  atmospneres,  which  caused 
a  contraction  of  the  liquid  to  the  amount  of  nearly  3)  per  cent. 
Tliese  results  were  obtained  by  including  water  in  tibe  cavity  of  a 
cannon,  fixed  verticaUy  in  the  earth,  ana  driving  more  water  into 
it  with  a  forcing  pump;  and  corresponding  experiments  were 
made  by  sinking  water  indosed  in  a  proper  apparatus  to  a  great 
depth  beneath  we  surj&ce  of  the  sea,  and  obsemnf^  the  depee  of 
compression  it  had  undergone.*  These  operations,  however, 
could  not  be  regarded  as  equally  accurate  with  those  previously 
described ;  though  the  deductions  from  them  have  been  oorrobgrat- 
ed  by  the  result  of  subsequent  investigation. 

13.  In  1836  Mr.  Perkins  made  public  other  experiments  on  the 
compression  of  water,  of  which  also  an  account  appeared  in  the 
Philosophical  Transactions.  The  machine  he  employed  was 
composed  of  a  cylinder  of  ffun-metal,  34  inches  in  length,  and 
having  an  internal  cavity  to  which  was  adapted  a  steel,  pump,  with 
a  water-tight  piston,  by  means  of  which  water  could  oe  iiyected 
into  the  body  of  the  cylinder.  A  lever  apparatus  was  p^perly 
annexed  for  the  purpose  of  measuring  the  degpree  oif  pressure ;  and 
so  adjusted  that  the  number  of  pounds  pressing  on  its  piston  indi- 
cated exactly  the  number  of  atmospheres  equivalent  to  the  degree 
of  compression. 

14.  That  part  of  the  apparatus  in  which  the  liquid  is  enclosed, 
the  condensation  of  whicn  is  to  be  measured,  is  called  by  the  ex- 
perimentalist a  piezometer.f  It  consists  of  a  strong  glass  tube, 
eight  inches  in  length  and  half  an  inch  in  diameter,  closed  at  one 

To  what  results  has  Oersted  been  led  by  his  experiments  on  water? 
How  many  atmospheres  of  pressure  are  required  to  condense  water  to 
the  amount  of  one  per  cent,  or  its  ordinary  bulk  ? 


*  See  Philosophical  Transactions,  1820,  and  Abstract  of  Papers  in  Phi- 
oso|liical  Transactions,  vol.  ii.  p.  134. 
fProm  the  Greek  n«i^«,  to  press,  and  UtT^v,  a  mea.i«c«. 
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tttma)^  tbd  op«a  at  the  other.  This  tube  muat  be  carernllf 
filled  with  mter  freed  fTom  air,  and  being  inrerted  while  th« 
Inter  ta  prerwited  from  escaping;  by  the-  application  of  a  thin 
menbrsne  to  its  month.  It  musi  m  inserted  in  a  wider  tabe  or 
glass,  the  nppei  pait  of  which  is  filled  with  water,  and  the  lower 
put  with  meicuiT' ;  the  smalt  tube  contains  a  hair'Sprine'  pressiar 
a^nst  its  interior  snrfiice  so  as  to  retain  its  position  when  forced 
npward  ;  and  diis  spring  is  in  contact  with  a  steel  disk  moving' 
iiee^  in  the  npper  tube,  and  &ora  its  inferior  weight  supported 
b;  the  mufiwe  of  the  mercuir  below.  A  frame  of  strong  wire 
ntains  the  mialt  tnbe  in  its  sitnatton;  and  the  piezometer  being 
Ihns  arranged  u  inCrodnced  into  the  receiver  of  the  compieseor, 
filled  with  water  at  a  temperature  of  60  degrees,  when  the  pnmp 
.  bang  eerewed  into  its  place,  any  required  de^e  of  pressure  maj 
'  be  applied.  When  the  experiment  was  carefi^l  j  condncted  it  was 
,  fDond  that  water,  under  the  influence  of  a  force  equal  to  3000  at- 
iDospherea,  was  diminished  bj  I-IS  part,  as  indicated  by  the 
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perhaps  be  more  clearly  comprehended  from  the  annexed  figure,  in 
which  R  is  the  metallic  cylinder,  6  the  wider  glass  tube  with  a 
quantity  of  mercury,  M  at  the  bottom ;  g  is  the  piesbmeter  dipping 
into  the  mercury  below  and  kept  steady  by  the  wire  cage  C  near 
the  top ;  d  is  the  steel  disk,  and  »  the  hair-spring  to  be  moTed  up- 
ward when  the  water  in  g  is  compressed,  and  the  mercuir  with 
the  disk  d  rises,  and  to  remain  and  indicate  the  degpree  of  com  • 
pression  a^.er  the  experiment.  The  use  of  the  force  pump  P  wilh 
Its  two  valves,  o,  o,  and  that  of  the  safety  valve  V,  with  the  lever 
and  weight  W  serving  to  determine  the  force  wplied,  will  be 
readily  understood.  The  apparatus  of  Oersted  anbetttutes  a 
strong  glass  receptacle  for  the  metallic  one  of  Perkins ;  and  hi» 
piezometer  is  a  nearly  capillary  tube  in  which  a  thread  of  mercury 
rises  by  the  compression  and  forces  before  it  the  water  with  which 
the  whole  upper  part  of  the  tube,  (hermetically  sealed  at  top,} 
is  filled.  Oersted  employs  to  compress  the  liquid  instead  of  the 
steel  pump,  a  strong  thumb-screw  inserted  into  the  top  of  the 
brass  cap  with  which  his  glass  receptacle  is  closed.  He  also  en- 
closes a  thermometer,  not  hermetic^ly  sealed,  to  mark  the^e^tee 
of  heat,  if  any,  developed  by  the  effect  of  mechanical  compression. 

IG.  Though  it  is  manifest,  from  the  preceding  statements,  that 
liquids  undergo  great  compression  unaer  certain  circumstances, 
yet  the  degree  of  compressibility  of  such  liquids,  as  water,  is  so 
inconsiderable  when  the  compressing  force  is  moderate,  diat  no 
sensible  effect  is  produced.  Hence  in  all  calculations  concerning 
the  action  of  water,  at  rest  or  in  motion,  in  ordinary  cases,  it  may 
be  regarded  as  an  incompressible  fluid. 

17.  Liquids  in  general  possess  the  property  of  elasticity;  but 
like  solids,  some  of  them  display  that  property  to  a  greater  extent 
than  others.  When  a  solid  disk,  as  an  oyster-shell  or  a  flat  stone, 
is  made  to  strike  the  surface  of  water  at  a  small  angle,  as  in  the 
sport  which  schoolboys  call  making  ducks  and  drakes,  the  solid 
will  rebound  from  the  water  with  considerable  force  and  frequen- 
cy. So  a  musket-ball  impinging^  obliquely  on  water  will  take  a 
zigzag  course,  en  ricochet,  as  the  French  express  it.  Water  dash- 
ed a^inst  a  hard  surface,  as  when  it  is  poured  against  the  side  of 
a  china  basin,  or  let  fall  on  a  plate,  shows  its  elastic  force,  in 
flying  off  in  drops  in  angular  directions.  Experiments  on  the 
elasticity  of  drops  of  water,  spirit  of  wine,  or  any  similar  liquid, 
may  be  made  in  a  shallow  wooden  box,  having  its  bottom  and 
sides  thinly  covered  with  any  light  insoluble  powder ;  for  the  drops 
on  being  impelled  against  the  side  of  the  box,  or  even  against 
each  other,  will  rebound  like  miniature  cricket  balls  or  marbles. 

INIight  this  instrnment  be  employed  with  advantftge  to  roensnre  the 
compression  suffered  by  water  in  deep-aea  exjierinients  ?  Describe  the 
arrangement  of  apparatus  employed  oy  Perkins  in  the  compression  of 
water.  How  may  water  be  regarded  under  the  influence  of  moderate 
clianges  of  pressure  ?  What  evidence  is  afforded  of  the  elastic!^  of 
water  by  the  impinging  of  solid  bodies  upon  its  surface  ?  Hov  may  wt 
demonstrate  the  elasticity  of  drops  of  water  ? 


WSlOttT  OF  LIQUIDS.  129 

■  18.  Mercuiir  is  yet  more  elastic,  as  might  be  shown  by  placing 
4  small  quantity  of  it  in  a  little  case  made  by  bending  at  right 
•nglee  the  sides  of  a  common  playing-card ;  and  on  inclining  it  so 
as  to  tiuike  the  metallic  fluid  strike  one  of  the  raised  sides  of  the 
card)  the  shininff  globoles  would  recede  with  a  velocity  nropoiw 
tioned  to  the  yiolenoe  of  the  shock.  The  effects  thus  eznibited 
appear  to  be  extremely  similar  to  those  obseryed  in  the  case  of 
elastic  solids.  A  elo^ule  of  mercury  impinging  on  a  hard  sur- 
face becomes  slighUy  flattened,  but  instantaneously  resuming  its 
curred  figure,  it  recoils  like  a  bent  spring  suddenly  liberated.  In 
some  hyoiBulic  operations  the  elasticity  of  liquids  becomes  a  pro- 
perty of  considerable  importance,  variously  augmenting  or  modi- 
iyiag  the  efficient  force  of  pardcular  kinds  of  machinery. 

Weight  and  Preuure  of  lAqtridi, 

19.  Among  the  absurd  doctrines  heretofore  generally  recelTed, 
but  which  have  been  exploded  by  the  light  of  modem  philosophy, 
must  be  reckoned  that  of  the  non-^yitation  of  the  particles  of 
liquids  on  each  other.  That  liqmds  as  well  as  solids  possess 
wdgfat  was  never  denied ;  since  every  one  must  have  learnt  from 
experience  that  a  cup  or  a  bucket  filled  with  water  would  require 
a  greater  exertion  of  force  to  lift  it  than  when  the  water  was  re* 
moved.  But  it  was  observed  that  in  drawing  water  finom  a  well, 
so  long  as  the  bucket  remained  under  water  very  little  effort  was 
required  to  raise  it,  while  as  soon  as  it  emerged  from  the  surfrioe 
of  the  liquid,  the  loaded  bucket  would  press  downward  with  a 
force  proportioned  to  the  quantity  of  water  contained  in  it.  This, 
and  the  general  observation  that  heavy  bodies  were  easily  raised 
while  under  water,  gave  rise  to  the  vague  idea  that  a  liquid  did  not 
mvitate  in  its  own  element,  and  that  therefore  a  body  surroumM 
by  any  liquid  was  destitute  of  weight. 

80.  The  following  experiment  sufficiently  proves  that  this  is 
not  the  case.  Let  a  strong  phial,  with  a  stop-cock  fitted  to  it,  be 
exhausted  by  means  of  an  air-pump,  and  the  stop-cock  bein^  turn- 
ed let  it  be  suspended  from  one  arm  of  a  balance,  so  that  it  may 
be  entirely  immersed  in  a  vessel  of  water,  weights  being  placed 
in  the  opposite  scale  of  the  balance  to  keep  it  in  equilibrium ;  then 
if  the  stop-cock  be  opened  the  water  will  now  in  and  fill  the  phial, 
which  will  immediately  sink,  and  to  restore  the  equilibrium  the 
tame  wei^t  must  be  added  that  would  counterpoise  the  water  it 
contains  u  weighed  alone :  thus,  if  the  bottle  would  hold  exactly 
four  ounces  of  water,  a  weight  of  four  ounces  would  be  required 
to  make  the  balance  stand  even  as  at  first. 

Hov  are  analogout  cxperimentB  oq  niermiry  eondaeted  ? 

What  appears  to  be  the  effect  of  the  impaet  of  a  drop  of  mereary  apon 
aluird  Minafie? 

What  opinion  was  formerW  entertained  respeeting  the  grairitatioB  of 
Uquida  upon  their  own  mass  r 

From  what  cireamstanoe  did  this  idea  probably  take  its  rll&  \ 

How  it  its  ineorrectnest  oonelasively  demonttrattd  t 
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dl.  The  apparent  diminution  of  the  weight  of  bodies  under  wa^ 
ter  is  owin^  to  the  particles  of  the  licjuid  mass  graTitatiiur  equally 
in  every  direction ;  so  that  the  interior  portions  of  any  uqaid,  or 
of  solids  immersed  in  liquids,  are  subjected  to  the  same  degree  of 
pressure  on  all  sides;  and  therefore  a  body  surrounded  by  water  is 
partially  supported  by  it,  and  consequently  may  be  raised  through 
the  liquid  with  greater  ease  than  in  the  air,  a  fluid,  the  relatiTe 
density  of  which  is  so  very  inconsiderable.  Liquids  are  not  less 
poweifuUy  affected  by  gravitatiye  attraction  than  solids,  but  they 
exhibit  different  appearances  under  its  influence,  owing  to  their 
being  constituted  differently,  so  that  their  particles  more  fireely 
and  almost  independently  of  each  other. 

22.  All  the  constituent  particles  of  a  solid  are  firmly  connected, 
and  they  thus  act  with  combined  effect  in  producing  pressure  or 
impact ;  but  a  liquid  yields  to  force  in  smy  direction,  and  is  liable 
to  be  separated  into  small  masses,  the  eflfect  of  which  is  compara- 
tiyely  inconsiderable.  A  basin  of  water  poured  from  a  great 
heignt  on  a  man's  head  would  hardly  be  felt  more  than  a  current 
of  rain ;  but  if  the  contents  of  the  basin,  supposing  it  to  hold  a 
quart,  were  suddenly  changed  to  a  solid  mass  of  ice,  it  mi^t  oc- 
casion a  fracture  of  the  skull.  But  though  a  liquid  in  falling  be- 
comes almost  dissipated  through  the  resistance  of  the  atmosphere, 
it  displays  great  force  when  it  can  be  made  to  act  in  a  continuous 
column.  Hence  the  power  of  a  mill  stream  in  turning  large 
wheels  either  by  weight  or  pressure ;  and  the  tremendoas  violence 
of  a  cataract,  sweeping  away  great  stones  or  other  ponderous 
masses  which  may  present  any  obstruction  to  its  impetuous 
course. 

23.  The  effect  of  a  liquid  mass  when  its  particles  are  protected 
from  dispersion,  and  thus  enabled  to  act  in  concert,  like  those  of 
a  solid  body,  may  be  amusingly  illustrated  by  means  of  the  little 
instrument  called  a  water-hammer.  It  consists  of  a  strong  glass 
tube,  about  twelve  inches  long,  and  nine  or  ten  lines  in  diameter, 
having  three  or  four  inches  of  veater  included  in  it;  which  being 
made  to  boil  and  form  steam  by  the  application  of  a  proper  heat, 
the  tube  must  be  hermetically  sealed  by  means  of  an  enameller'a 
lamp  and  a  blow-pipe,  so  that  when  it  becomes  cool,  a  vacuum 
will  be  formed  above  the  vrater  by  the  condensation  of  the  indu- 

Hov  is  the  apparent  loss  of  weight  in  bodies  immersed  in  water  to  be 
explained  ? 

To  what  is  the  diflfbrenee  attributable  between  the  phenomena  exhibit- 
ed hj  liiiuids  and  those  obserted  in  solids,  when  under  the  influenee  of 
gravitation  ? 

How  are  the  constituent  parts  of  each  held  together  ? 

What  simple  experiment  would  illustrate  the  m^uenoe  of  a  ehange  pf 
form,  in  modifying  the  eff)eot  of  water  f 

^  What  examples  may  be  cited  of  great  energy  displayed  by  a  falllq^ 
liqaid  ? 

By  what  apparatus  may  the  percussion  of  a  Adling  mass  of  liquid  bo 
illustrated  ? 
VeMcribe  the  waterwhammer. 


FRE«80RE  or  UOVlDi.  191 

ded  BtMiD.  On  Bhaking  such  a  tube  Tertically,  the  water,  rising 
a  few  ioehM  uid  ainlLing  suddenly  to  the  bottom  of  the  tube,  pro- 
duces a  sound  like  that  arisiug  from  the  Btroke  of  a  Bmall  hammeT 
on  a  hard  body,  whence  the  name  of  this  inBtrument,  the  action  of 
which  depends  entirely  on  the  excluBion  of  tlie  air,  bo  that  the 

24.  The  pressure  of  tiquidB  extending  equally  in  all  directions, 
a  liquid  mass  will  have  all  parts  of  its  surface  at  the  Banie  level, 
whatever  be  the  form  of  the  vessel  in  which  it  is  contained,  ao 
loug  as  there  is  a  free  conununication  Ihioughout. 


85.  In  the  preceding  figure  let  A  B  represent  a  glass  vessel 
closed  except  at  the  two  raised  extremities,  and  tilled  with  water 
to  a  height  above  the  horizontal  line;  thpn  suppose  fnnr  dif- 
ferpntlj  ^aped  tubes  C,  D,  E,  F,  open  at  both  ends,  to  be  in- 
■erted  in  the  oblong  part  of  the  vessel,  with  their  upper  extremi- 
tiefl  not  rising  so  hirh  as  those  standing  at  die  sides ;  it  will  be 
fnnnd  that  the  liquid  will  pass  laterally  into  the  tube  C,  ascend 
directly  in  D,  and  circuitously  in  E,  while  it  both  descends 
md  ascends  in  F,  rising'  equaily  in  all  the  tabes,  and  spouting 
VM  till  the  water  is  reduced  in  die  side  tubes  to  the  level  of  the 
nmniits  of  the  internal  ones,  when  the  equilibrium  being  esta- 
Wished  the  liquid  will  remain  at  real.  Thus  il  follows  that  any 
Jiumbor  of  eoliimne  of  a  liquid,  freely  communicating,  whatever 
may  be  their  respective  diameters  and  figures  will  always  have 
the  same  verlical  heieht. 

as.  Yet  thongh  all  the  particles  of  a  liquid  mass  will  presB 
equally  on  each  other,  it  must  he  manifest  that  the  collective 
freight  will  ho  proportioned  to  the  depth  beneath  the  surface,  so 
Qiat  the  bottom  of  the  containing  vessel  necessarily  sustains  the 
ivei^t  of  a  column  having  the  greatest  vertical  height  of  the 
tiqnVd  with  an  area  equal  to  that  of  the  base  itself. 

37.  If  the  vessels  A,  B,  C,  D,  and  E,  have  water  poured  into 
Uiem  in  such  quantities  that  it  may  stand  at  the  same  height  in 
«ach,  the  pressures  on  their  bases  respectively  will  be  as  the 
several  columns  marked  1,2,3,4.  Hence  the  amount  of  the  pres- 
Whflt  c^iiVRUi^iice  reM]H>  frofD  the  cqnl  preuure  of  Liquidi,  Jn  regird 
*.!  iliE  liciehi  of  ill  iui-f»M  > 

What  mDueiiM  iut  the  firurc  mid  »«  of  (heparU  afeonlaiiiiiiK  Te». 
•elu  on  ihi>  height  to  wbieh  hquidi  will  rite  wiibin  tbeia  rcipeeliieij  I 

What  meiiturct  thE  {trvMure  eKcrsiied  lij  a  eolano  of  It^iud  qui  4iit 
fcMtom  of  ill  eontiining  Te«K) .' 
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Bare  of  any  liquid  may  be  ascertained  by  mnltiplyingf  the  Terdcal 
height  at  which  it  stands  by  the  extent  of  surface  of  its  base. 
Thus  suppose  the  water  in  the  yessel  B  to  stand  at  the  height  of 
four  inches,  and  the  area  of  the  base  to  be  eight  square  inches,  the 
pressure  will  be  equal  to  thirty-two  inches  of  the  fluid  ;  bat  if  the 
water  should  stand  at  the  same  height  in  the  yessel  C,  having  a 
base  only  half  the  area  of  the  former,  the  pressure  will  be  but  half 
or  only  sixteen  inches,  though  the  capacity  of  both  Teasels  may 
be  exactly  the  same.  The  diameter  of  a  vertical  column  com- 
municating with  an  extended  base  may  be  relatively  inconsider- 
able, as  in  the  vessel  E,  notwithstandinff  which  it  will  cause  the 
same  degree  of  pressure  as  a  column  of  the  same  height  with  a 
^  diameter  corresponding  to  the  base  throughout. 

28.  This  effect  of  the  vertical  pressure  of  liquids  may  be  vari- 
ously exhibited,  and  its  results  are  curious  and  important.  Hence 
the  principle  involving  the  peculiar  mode  of  pressure  of  liquid 

masses  has  been  termed  the  Hydro- 
static Paradox.  It  may  be  illustrated 
by  the  following  experiment.  Let  a 
cup  or  wide-mouthed  jar,  filled  with 
water,  be  poised  by  hanging  it  to  the 
arm  of  a  balance,  by  loading  the  oppo- 
site scale  with  the  requisite  weights; 
then  aflcr  marking  exactly  the  height 
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at  which  the  liquid  stands,  pour  out  a  part  of  it,  and  [)lun^  into 
the  midst  of  the  jar  a  conical  block  of  wood,  supporting  it  with 
the  hand  or  by  means  of  the  apparatus  represented  m  the  annex€<i 
figure,  taking  care  that  the  block  shall  not  touch  the  sides  or  bofp 
torn  of  the  jar.  If  it  be  plunged  just  deep  enough  to  raise  the 
remaining  liquid  to  the  same  height  as  at  first,  the  balance  will  be 
again  exactly  equipoised ;  and  the  block  may  be  so  largre  as  to 
leave  only  a  thin  film  or  hollow  cylinder  of  the  fluid  without  at  all 
disturbing  the  equilibrium.  It  is  of  no  consequence  what  is  the 
weight  or  shape  of  the  body  introduced,  foi  a  piece  of  cork  or  a 
blown  bladder  held  in  the  jar  will  produce  the  same  effect,  if  its 
bulk  be  sufficient  to  raise  the  water  to  the  required  height.* 

By  what  mode  of  calculation  may  we  ascertain  that  pi-easure  ? 

If  a  vessel  representing  the  frustum  of  a  cone  be  filled  with  liquid,  and 
successively  placed  on  its  two  opposite  bases,  what  will  be  the  relatioa 
between  the  pressures  exercised  in  the  two  cases  ? 

What  is  meant  by  the  hydro9UUicpar€uhx? 

What  experiment  exemplifies  the  kind  of  pressure  exercised  bv  liquidip 

How  can  we  prove  that  the  loss  of  weight  from  plunging  a  body  into 
water  is  only  apparent  p 

*  Ao  ingenious  apparatus  for  drawing  water  from  a  veatel  in  which  a 


tIVDX<MTATIC   PRGMURE.  1S3 

S9.  thw  is  anotfaer  Htrikinff  mode  of  illiudBtin^  the  eflect  of 
"—id  preMiiM,  by  means  of  »  kind  of  macbine  ea)l«a  the  Hjdrcx 
a  BeUows,_  a  figure  of  irhicli  may  be  seen  in  the  maivin.  It  ' 
U  com^owd  of  two  fiat  boanl«  nnitnd  at  the  sid«i 
Irjr  flexible  leather,  and  having'  a  long  namiw  vef- 
ncal  tabe,  commDnieating  with  the  cavitj,  with  a 
fiuuiel  at  the  top,  for  the  conTenienee  of  ponring  in 
water  oi  any  otoer  fluid ;  and  a  short  lateral  tube 
with  a  ttap-^Bock  may  be  added  to  discfaar?e  ^le 
water  occasionaliy.  If  now  water  be  pour^  into 
the  long  tnbe  it  will  fill  the  cavity  and  consequent- 

S  separata  the  boards,  and  by  adding  more  water 
e  inBtrament  may  be  rnade  to  support  any  given 
eight,  in  proportion  to  the  height  of  the  verticel 
I  column.  Suppose  the  boards  to  be  about  390 
inches  sapraficial  meamre,  four  onnoes  of  water, 
Msnding  at  the  hei^t  of  ^iree  feet  in  die  tube,  will  keep  the 
bokida  aeparMed  when  loaded  with  416  pounds. 

30.  Two  Mout  men  standing  od  ttie  upper  boiod,  one  of  them 
by  blowing  into  die  tube  may  fill  the  cavity  witb  air  instead  of 
water,  so  as  to  raise  the  board  on  which  they  sland,  and  by  atop- 
piog  the  pipe  with  the  finger  to  prevent  the  Eur  &om  escaping, 


of  a  small  vertical  tube  may  be  abown  by  fixing  such  a  tube  in  a 
water-tig^t  ea«k  or  other  close  vessel,  which,  whatever  ita 
ibrength,  might  be  bnnit  by  filling  it  with  liquid,  end  adding 
mon  thlinigE  ihe  tnbe,  tilt  ttte  weight  of  the  column  became  too 
gieattob«.snpporledby  the  aides  of  the  cask.  The  effect  depends 
wholly  on  the  hei^t  of  the  tube,  its  diameter  being  immaterial. 
A  hogshead  filled  with  water  and  exposed  to  the  pressure  of  a 
falnmii  in  »  narrow  tntie,  twenty  feet  hi^,  would  buret  with  great 


rii^ow  body  of  water  is  collected  in  a  close  cavity  imder  ground, 

itioa,  aad  eipUin  the  pHnaiple,  of  the  h)'droM>> 

lit  the  Mine  firiniiiple  be  applied  lo  nuiiitain  ■  re- 
le  blow-pipe  f 

inHnte  llie  inporUinBe  rf  heighi  of  eo- 

el  of  hjdraiUlis  preimre  on  poptioni  of 
Ibc  nnh*!  mrtkte  be  minirealtd  f 

•olid  h*>  been  made  to  float  Diitil  [he  liquid  hai  the  mme  leiel  M  at  firit, 
■m)  then  weighioB  the  qoinlitj  dnwn  oat  nguinit  the  lolid  whiEh  hid 
two  DostloK,  proTM  (he  nme  ^neral  poiitian  h  the  ■mngemeiit  (bove 
■■--"-'       It  moreoKT  thnvi  ttui  Ok  weight  lo«  hy  the  wlid,  »nd  the 

ore  of  the  liquid  which  ii  the  cinu  of  tb&t  loii,  Rre  both 

reight  of  wiier  to  diiplaoed. — En. 
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if  a  narrow  opening  be  made  from  a  hi^sr  tnrhice  conunoiuoatiiig 
with  the  cavity,  and  it  should  become  Sled  b^nin  or  snowwaUr, 
wliatever  might  be  the  fonn  of  the  apertare,  if  it  waa  wate^4triM, 
as  Boon  as  the  communication  wae  effected  between  the  taboSkt 
opening  and  tlie  cavilj,  pressure  would  take  placn  In  evBljr  di- 
rection, in  a  degree  proportioned  lo  the  vertical  height  of  tile  open- 
ing and  the  ai'ea  of  uie  cavitj;  in  coneequeuce  of  which  ths 
Buperincumbent  mass  might  be  rent  from  its  foundstion,  and  a  laivs 
building  or  even  a  mountain  might  be  OTerthrown,  aa  b;  an  md- 

33.  The  principle  of  hydrostatic  pressure  was  discomed,  or  il 
least  Rrst  satiB&ctorily  demonstrated,  by  tbe  celebnted  Pasesl, 
about  ^e  middle  of  the  seTeoteentb  century ;  and  hs  showed^ow 
an  engine  might  be  constructed,  acting  through  the  force  of  t 
column  of  water,  by  means  of  whieb  one  man  pressing  on  asmtU 

Eiston  might  counterbalance  the  efforts  of  one  hnndred  men 
Tought  to  bear  on  the  aurftce  of  a  large  piston.  Yet  notwiA- 
Bt^iding  the  distinct  description  of  what  the  ingenious  discovera' 

■ "a  new  machine  for  multiplying  forces  to  any  required 

extent,"*morslhan  a  century  and  i    i 
half  elapsed  before  the  idea  was  Ailly 
developed,  and  applied  to  practietl 
purposes,  by  Mr.  Bramah,  tha  engi-   I 
neer,  in  the  coustruction  of  his  hydro- 

34.  lliiB  ma<;hine  eonaiste  of  t 
solid  mass  of  masonry  or  strongwood- 
work,  E  F,  Grmly  fixed  j  and  cob- 
nected  by  uprights  with  a  croaa-beun. 
B  represents  a  strong  table,  moriiig 
Tertically  in  grooves  between  the  up- 
rights,  and  supported  beneath  by  Ihs 
descends  within  the  hollow  cylinder  L, 
^  lar  N,  fitting  so  closely  as  lo  be  water- 

tight. From  the  cylinder  passes  a  small  tube  with  a  valve  opm- 
ing  inwards  at  1,  and  D  is  a  lever  which  works  the  piston  of  tlu 
small  forntng-pump  C  H,  by  which  water  is  drawD  from  ths 
reservoir  G,  and  dnven  into  tiie  cylinder  L,  so  as  to  force  up  it* 

Eiston  A.  At  K  is  a  valve,  which  being  relieved  from  presaurs, 
y  turning  the  screw  which  confines  it,  a  passage  is  opened  tot 
the  water  to  flow  from  the  cylinder,  through  the  tube  M,  into  the 
reservoir  G,  allowing  the  piston  to  descend. 

35.  The  effective  force  of  such  a  machine  must  be  immensely 

Who  <iiit  ilrmontlraled  ihr  principle  of  hjdroaUiUc  preuare>  SMiard- 
ing  lo  Ihe  l...ig^.I  of  column  ' 

Whnt  unplieatian  dill  Piual  pronote  to  tnnke  of  llie  principle  of  prc» 
wi'e  »ceor<li>ig  In  the  ares  of  Ihe  hue  of  the  conuinine  Teawl  ? 

Ky  wLiam,  niid  »t  what  pericxl,  wii  ihe  idea  i>f  Paacal  Tultj  realEud  > 

Wlmt  i>  lh«  conalruclion  of  Bi-amah'i  preia  I 

■  Hiical  <[e  I'cqiiilibrc  dtia  Ui^ueara,  cdiu  t,  IWt,  ch.  il. 
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great,  combining  as  it  does  the  advantages  of  solid  and  liquid 
pressme.  The  ampunt  of  the  latter  is  to  be  estimated  by  the 
relatiye  diameters  of  the  two  pistons ;  so  that  if  the  piston  H  be 
half  an  inch  in  diameter  and  the  solid  cylinder  or  piston  A  one 
foot,  the  pressure  of  the  water  on  the  base  of  the  piston  A  will  be 
to  the  pressure  of  the  piston  H  on  the  water  below  it,  as  the 
square  of  1  foot  or  13  inches,  12  x  12  =  144,  to  the  square  of  i 
an  inch,  .5  X  .5  <=  .95 ;  that  is  as  144  square  inches,  to  ^  of  a 
square  inch,  or  in  the  ratio  of  576  to  1.  To  this  must  be  added 
the  advantage  afforded  by  the  lever  handle  of  the  forcing-pump, 
depending  on  the  relative  lengths  of  its  arms ;  and  supposing  the 
power  to  be  thus  increased  tenfold,  the  effect  of  the  machine  will 
oe  augmented  in  that  proportion,  or  will  become  as  5760  to  1.* 

36.  As  the  hydrostatic  press  acts  with  a  comparatively  trifling 
degree  of  friction,  it  may  be  made  to  produce  an  infinitely  great 
amount  of  pressure ;  its  efficiency  in  fact  being  limited  only  by 
the  measure  of  the  strength  of  materials  employed  in  its  construc- 
tion. Some  idea  of  the  power  of  this  engine  may  be  derived  from 
the  statement  that  with  such  a  press,  only  the  size  of  a  common 
tea-pot,  a  person  may  cut  through  a  thick  bar  of  iron  with  no  more 
effort  than  would  be  required  to  slice  off  a  piece  of  pasteboard 
with  a  pair  of  shears,  it  has  been  used  in  making  experiments 
on  the  tenacity  and  strength  of  iron  and  steel,  being  applied  so  as. 
to  tear  asunder  solid  rods  or  bars  ;*  and  in  packing  bales  of  cotton 
or  trusses  of  hay,  it  has  been  employed  to  compress  them  to  cpn- 
venient  dimensions  for  stowage  on  board  ships. 

37-  The  principle  of  hydrostatic  pressure  has  been  ingeniously 
applied  to  a  purpose  of  great  practical  utility  by  Dr.  Arnott,  in 
the  contrivance  of  a  hycurostatic  bed  for  invalids.  It  is  so  con- 
structed as  to  keep  the  body  of  a  person  reposing  on  it,  sustained 
by  a  mattress  on  a  liquid  surface,  yielding  freely  in  every  direc- 
tion, and  therefore  entirely  exempted  from  any  irregular  pressure : 
thus  the  irksomeness,  as  well  as  the  serious  evils  caused  by  con- 
finement to  one  position  for  a  long  time,  and  the  consequent  inju- 
res which  persons  enfeebled  by  disease  sometimes  incur,  may  be 
wholly  prevented. 

38.  The  pressure  of  water  or  any  other  liquid  against  the  bot- 
tom of  a  vessel  in  which  it  is  contained  may  be  regarded  as  the 
common  effect  of  gravity,  which  acts  in  the  same  manner  on  solid 

What  method  will  eoable  us  to  eitimate  the  advaotage  of  a  Bramah'a 
press  of  known  dimensions  ? 

What  advantare  has  the  hydrostatic  press  over  the  serew  press  and  si- 
milar machines  r 

Wliat  limits  the  eiBcien^  of  this  apparatus  ? 

What  remarkable  applications  of  the  hydrostatic  pi*ess  illustrate  its 
force  and  asefaln€»s  ? 

What  is  the  construction  of  Amott's  invalid  bed  ? 

In  wimt  respects  does  the  pressure  of  a  liquid  within  a  containing  vessel 
differ  from  tliat  of  a  solid  under  the  same  circumstances  ? 


*  See  Eaejreiopeiih  JkfeCropoJitiina— -Mixed  So\enQe%,io\A.  ^«*t^ 


189  HTDmoSTATRa. 

bodiM ;  but  liqoldB  not  only  press  <mi  the  snr&ee  b 
also  presEi  npwsrd,  with  &  decree  of  fbroe  proportioited 
of  the  Tsrtical  column  and  the  extent  of  Barface  againl 
preHSQie  is  exerted. 

99.  Take  ■  Terj  narrow  ^asa  tnbe  open  at  bo^  en 
the  lower  extremity  beneath  the  sur&ee  of  quiekeilvi 
email  ptvtion  of  it  maj  rise  into  the  bottom  of  the 
Bttfping  the  upper  eitrenti^  carefully  with  ^e  fin 
tube,  ara  holding  it  Tertically,  plunge  the  open  end 
ju  filled  with  water,  when  it  will  be  fonnd  that  the 
that  liquid  Aom  below  apwuds  will  not  only  keep  the 
Huspended,  when  the  fin^  is  remoTod  ttom  the  top  < 
but^n  letting  it  sink  gr^ually  in  the  jar,  the  quickail 
toa  height  bettring  a  certain  relation  to  the  depth  of  Ih 
of  the  tebe  bttiealh  the  sui&ce  of  the  water. 

f40.  Let  a  circnlar  brass  plate  A  B  bt 
the  bottom  of  a  rlaas  cylinder  and  fitte< 
by  grinding,  or  by  covering  its  npper  s 
moist  leather,  so  uat  when  the  cylindeFi 
in  the  mt  of  water  ¥  ¥,  and  the  plate  is 
Mrinff  fi  close  to  the  bottom  of  the  cylind 
Oe  liquid  can  enter  it.  If  then  it  be  i 
I 


it  diaplaoes  shall  be  equal  ta 
._  _■•  brass  plate,  the  latter  will  lem^t 
thongh  the  string  be  let  go,  the  upward 
the  water  being  sufficient  to  keep  the  pla 
lag. 

4t.  In  eitimating  the  lateral  preesan 
die  Tertical  height  mast  be  taken  into  ti 
rince  the  effectiTe  force  with  which  a  liquid  acts  againi 
point  in  be  side  of  the  containing  vessel  will  depend  o 
of  that  point  beneath  the  surface  of  the  liaaid. 

43.  This  will  appear  ftoi 

ner  in  which  water  flows  fro 
in  the  side  of  a  cistern,  as  ' 
of  tlie  stream  will  always 
proportioned  to  the  distance 
of  discharge  fiom  the  supe: 
and  the  consequent  degree 
wliioh  takes  place.  Soppo 
A  to  be  filled  with  water,  i 
three  tubes  or  pipes,  B,  C, 
length  and  diameter,  fitted 
speinirea  at  different  heigh 

.  'ttie  ciiing  otx  drop  of  qnickiil 

■V-  tube,  when  plunged  Into  wUer .' 

To  what  depth  mutt  a  metallie  nlite,  rround  (o  flt  the 
of  a  eIsii  tube,  be  immened  in  a  liquid  before  the  upward 
Ibe  liqajd  will  npport  the  plate  ?  What  it  to  be  taken  into 
fa  «l/autiiv  (he  lateral  preuure  oT  lioaUt  > 
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fhe  liquid  were  safiered  to  flow  from  the  pipe  D  alone,  the  other* 
being  stopped,  a  greater  quantity  of  water  would  be  discharged  in 
a  giTen  ttme  than  by  the  pipe  C  alone,  and  a  greater  quantity 
would  issue  from  the  latter  in  the  same  time  than  by  the  pipe  B 
only ;  the  water  being  kept  at  the  same  level,  so  as  to  maintain  an 
equalilT  of  pressure  during  the  whole  time  it  was  flowing.  And 
if  all  tliree  pipes  were  opened  together,  the  water  would  spout  to 
a  greater  distance  from  the  pipe  D  than  from  either  of  the  others. 

42.  The  pressure  against  one  side  of  a  cubical  vessel  filled  with 
liquid  will  l>e  equal  to  half  the  pressure  against  the  bottom  of  the 
vessel.  Hence  m  a  quadrangular  cistern  the  amount  of  pressure 
against  its  sides  majr  be  found  by  multiplying  the  number  of 
square  feet  contained  in  that  part  of  the  sides  beneath  the  surface 
of  the  liquid  by  half  the  height  at  which  it  stands ;  and  therefore 
if  the  extent  of  the  lateral  area  in  contact  with  the  liquid  be  double 
that  of  the  bottom  of  the  containing  vessel,  the  pleasure  on  the 
sides  will  be  equal  to  that  on  the  bottom.  Thus  a  calculation  may 
be  made  of  the  pressure  of  water  agrainst  a  dam,  wear  or  floodgatet 
by  ascertaining  the  superficial  measure  of  the  surface  against 
which  the  water  presses,  and  multiplying  it  by  half  the  depth  of 
the  vertical  column.  Suppose  a  dam  to  he  built  across  a  body  of 
water  6  feet  in  depth  and  14  feet  wide,  the  extent  of  the,suriace 
subjected  to  pressure  would  be  84  square  feet,  which  being  mul- 
tiplied by  3,  half  the  depth,  the  product  252  would  denote  the 
quantity  of  cubic  feet  of  water  pressing  on  the  dam.  In  the  same 
manner  may  be  ascertained  the  degree  of  pressure  of  a  liquid 
standing  in  an  upright  cylinder,  as  a  leaden  pipe  or  cistern ;  by 
multiplying  the  number  of  square  inches  or  feet  in  the  curved  sur- 
face by  half  the  depth  of  the  liquid  :  and  this  method  may  be 
extended  to  all  cases  of  the  lateral  pressure  of  liquids,  whatever 
be  the  shape  of  the  containing  vessel  or  cavity. 

43.  When  a  liquid  presses  on  any  surface  there  will  be  a  cer^ 
tain  point  at  which  a  deg^ree  of  pressure  being  applied  equal  to 
the  entire  pressure  of  the  liquid  would  produce  exactly  the  same 
effect ;  or  if  such  equivalent  pressure  were  applied  to  that  point, 
but  in  the  contrary  direction,  it  would  neutralize  the  pressure  of  the 
liquid  on  the  opposite  surface :  that  point  is  therefore  called  the 
centre  of  pressure.  It  corresponds  exactly  with  the  centre  of 
percussion  in  solids,  which  in  most,  but  not  all  cases,  coincides 
with  the  centre  of  oscillation.    To  ascertain  the  situation  of  this 

To  what  18  the  distance  to  whieh  liquids  will  spout  from  an  aperture  in 
a  containing  vessel  always  proportioned  ? 

What  relation  exists  between  the  veloeity  of  flow  and  the  height  <^ 
tlie  aperture  ? 

How  may  we  estimate  the  pressure  against  the  side  of  a  cubical  con- 
taining vessel  filled  with  any  liquid  ? 

To  what  praeticj^  purposes  may  this  method  of  calculation  be  applied  ? 

How  is  the  amount  of  pressure  on  a  cylindrical  tube  or  ve&sel  filled 
with  liquid  to  be  determined  ? 

What  ii  meant  br  the  term  centre  of  preenare  in  liquid  masses  \ 

With  what  point  m  solid  miisaes  does  tne  oeuire  oC  ^r^^ww^  ^qyv^v^'qs^X 

M  3 
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point  often  becomes  an  object  of  importtnoe ;  since  it  will  indi- 
cate the  most  ejQIcient  means  for  sustaining  a  floodgate  or  any 
similar  surface  against  the  pressure  of  a  body  of  water.  Ths 
position  of  the  centre  of  pressure  must  depend  on  the  figure  of  die 
surface  and  the  depth  of  the  head  of  water.  Supposing  tiie  suf- 
&ce  to  be  a  perpendicular  parallelogram,  the  centre  ot  pressura 
will  be  at  two-thirds  of  the  distance  from  the  level  of  the  water  to 
the  bottom ;  and  if  the  figure  of  the  surfiice  be  an  equilateral  tri- 
angle, at  three-fourths  of  the  distance  from  the  vertex  to  the  base. 

44.  On  the  principle  of  the  lateral  pressure  of  liquids  may  be 
estimated  the  pressure  sustained  by  souds  immersed  at  any  deptii 
beneath  a  liquid  surface.  Thus,  if  it  be  required  to  find  the  pres- 
sure which  a  diver  sustains  when  he  has  descended  in  water  to 
the  depth  of  32  feet,  or  rather  to  such  a  depth  that  the  centre  of 
gravity  of  his  body  may  be  exactly  32  feet  beneath  the  sorfaoe  of 
Uie  water ;  then  as  the  extent  of  surface  of  a  human  body,  at  a 
medium,  may  be  estimated  at  10  square  feet,  the  product  of  thst 
number  multiplied  by  32  will  give  the  quantity  of  water  in 
cubic  feet,  the  weight  of  which  must  be  sustained  by  the  diver  at 
the  depth  just  stated.  Now  as  one  cubic  ^oot  of  water  weighs 
1000  ounces  avoirdupois,  the  weight  of  320  cubic  feet  willbe 
320,000  ounces  or  20,000  pounds.* 

45.  The  equability  of  the  pressure  in  every  direction  renden 
such  an  immense  weight  supportable;  though  it  occasions  con- 
siderable inconvenience  to  persons  learning  to  dive,  from  the 
intense  pain  caused  by  the  pressure  of  the  water  on  the  drums  of 
the  ears,  even  at  the  depth  of  18  feet  below  the  surfece.  It  ap- 
pears probable  that  diving  in  very  deep  water,  at  length,  has  the 
effect  of  rupturing  the  membrane  called  the  drum  of  the  ear,  after 
which  pain  m  that  organ  is  no  longer  felt  by  the  diver  ;f  but  there 
must  be  a  limit  to  the  depth  to  which  the  most  experienced  diver 
can  descend,  since  at  a  very  great  depth  the  compressing  force  of 
the  liquid  mass  would  be  so  augmented  as  to  expel  entirely  the 
air  that  had  been  retained  in  the  cavities  of  the  chest  and  headf 

On  what  circumstance  will  its  position  depend  ? 

At  what  point  in  a  floodgate  in  the  ferm  of  a  reetangular  perando- 
gram  might  a  single  force  on  iha  »de  opposite  to  that  pressed  by  the 
water  be  applied,  so  as  to  resist  the  whole  pressure  of  the  liquid  within  ? 

How  may  we  And  the  amount  of  pressure  upon  the  body  of  a  diveri 
when  at  a  given  distance  below  the  surface  ? 

Why  is  not  a  person  crushed  by  the  weight  of  liquid  above  him,  wbea 
placed  many  feet  below  the  surface  of  water  ? 

What  peculiar  sensation  is  felt  at  first  by  persons  unaccustomed  to  deep 
diving  ? 

What  is  supposed  to  take  place  when  the  ineonvenience  at  first  feLi  U 
found  to  cease  ? 
Why  may  not  a  man  descend  to  any  depth  below  the  surface  of  water? 

*  The  manner  of  ascertaining  the  weight  of  anv  hodr  relatively  to  its 
bulk  will  be  described  in  the  next  section,  in  treating  of  speeifie  graTity. 
f  See  Hardy's  Travels  In  the  Interior  of  Mexico.    London,  1^. 
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ud  eontraci  the  bulk  of  the  whole  bodly  in  eadi  a  manner  ae  to 
raader  aseent  to  the  snr&ce  no  longer  praotioable. 

47.  ThB  nniform  pressure  of  liquids  in  every  direction,  and  &e 
esoaeqnent  equality  of  action  and  reaction  among  the  parts  of 
liquid  masses  cause  them  to  assume  a  ierel  sur&ce  under  all  eir^ 
camdrtaneee.  This  property  of  liquids  has  been  adrantageously 
smployed  in  die  oonstniotion  of  instruments  for  ascertaining  the 
lelatiTe  heights  of  any  given  points,  as  in  taking  levels  in  survey- 
ing, and  in  varioos  operations  in  which  it  is  requisite  to  deter* 

mine  the  accuracy  of  a  horiaont^ 
plane.  Snch  an  instrument  may» 
consist  of  a  glass  tube  of  consider- 
able length,  as  represented  in  the 
margin,  o^en  at  both  ends,  whiok 
must  be  raised  or  turned  upward  to 
the  same  height;  and  the  tube  being 
filled  with  water  or  mercury,  when 
it  is  placed  in  a  horizontal  position,  the  liquid  will  stand  at  the 
same  level  on  both  sides.  Upon  the  open  surfaces  of  the  liquid 
nraat  be  placed  floats,  each  carrying  upright  sights  with  cross* 
wires,  which  standing  ait  riffht  angles  to  the  lenjE^  of  the  instm- 
ment,  when  it  is  properly  adjusted,  the  intersections  of  the  wires 
will  be  situated  in  a  horizontal  line ;  and  consequently  on  look- 
ing through  the  sights  at  any  distant  object  it  can  only  be  seen 
exactly  opposite  the  intersections  of  the  wires  when  it  happens  to 
be  in  tfie  &ame  level. 

48.  The  spirit  level,  an  iiMtrument  adapted  to  the  same  pur- 
poses with  the  preceding,  consists  of  a  glass  tube,  closed  at  both 
ends,  and  filled  with  sdcohol,  except  a  very  small  space  occupied 
bv  a  bubble  of  air,  which,  in  whatever  situation  the  tube  may  be 
plaeed,  must  rise  to  ^e  highest  part  of  it.  When,  therefore,  tha 
tube  is  fixed  in  a  horizontsQ  position,  the  bubble  will  stand  pre- 
cisely in  the  centre  of  the  tube  and  in  contact  with  its  surface. 
Such  a  level  may  be  used  like  the  water^^level,  above  described, 
for  ascertaining  the  accuracy  of  a  horizontal  plane ;  or  it  may  be 
mounted  in  a  frame  with  moveable  sights  adapted  to  a  ouadrant, 
by  means  of  which  the  angular  distances  of  objects  may  be  deter- 
mined with  the  utmost  degpree  of  correctness. 

49.  The  property  which  liquids  possess  of  preserving  an  exact 
level  in  different  tubes  or  vessels  communicatmg  with  each  other 
18  of  the  highest  importance,  as  indicating  an  obvious  mode  of 
conducting  water  from  one  situation  to  another.  Thus  from  a  lake 
or  reservoir  this  useful  fluid  nay  be  conveyed  in  pipes  or  tunnels 
underneath  streets  and  buildings  to  any  given  distance,  and  sup- 
plied to  the  different  quarters  of  a  town  or  city,  at  any  height  not 
eiceeding  that  of  its  source.    The  whole  amount  of  the  daily 

What  is  the  general  eonttmction  of  liquid  levelling  Inttruments  ? 
Wiuit  is  the  form  and  nse  of  tfie  spirit  level  ? 

On  what  prioeiple  are  we  enabled  to  eooduet  water  uod«r  ftwoA^  ibA. 
(broogh  irrepdar  tubes? 
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Supply  of  water  to  the  cities  of  London  and  Westminster  appeals 
to  be  nearly  36,000,000  gallons,  more  than  half  of  which  is  derhred 
from  the  Thames ;  and  as  most  of  it  is  delivered  at  heists  much 
aboYe  the  lerel  of  the  river,  it  is  necessarily  raised  by  artificiai 
pressure  by  means  of  steam-engines. 

50.  Thou^  water  and  similar  liquids  may  be  transferred  to  any 
imaginable  distance  through  a  series  of  communicating  tubes  bent 
into  numerous  angles,  descending  and  ascending,  and  made  to 
issue  freely  at  a  height  nearly  ecjual  to  the  source ;  yet  it  is  found 
in  practice  that  obstruction,  arising  from  the  friction  of  the  liquid 
against  the  sides  of  the  tubes,  especially  where  tiiey  form  acute 
angles,  and  from  the  accumulation  of  bubbles  of  air  in  long  nai^ 
row  tubes,  may  cause  great  inconvenience ;  and  hence  large  pipes 
are  more  advantageously  employed  than  smaller  ones,  and  aque* 
ducts  or  open  conduits  are  to  be  preferred  in  some  situations. 

61.  In  the  south  of  Europe  may  be  seen  the  remains  of  stupend- 
ous aqueducts  constructed  oy  the  ancient  Romans,  forming  open 
canals  supported  by  numerous  arches  passing  across  wide  valleysy 
and  exhibiting  even  in  decay  striking  memorials  of  the  architec- 
tural skill  and  industry  of  those  to  whom  they  owe  their  origin. 
From  these  magnificent  works  on  which  such  immense  labour 
must  have  been  bestowed  for  the  purpose  of  conducting  water  on 
one  descending  plane,  it  has  been  hastily  inferred  that  the  an- 
cients were  entirely  ignorant  of  the  efifect  of  hydrostatic  pressure ; 
and  of  the  means  of  making  water  rise  to  the  height  of  its  source 
after  passing  through  a  lower  level.  But  this  notion  is  utterly 
erroneous,  for  in  the  great  work  of  the  celebrated  naturalist,  Pliny 
the  elder,  it  is  expressly  stated  that  water  will  always  rise  to  the 
height  of  its  source ;  and  he  adds  that  tubes  of  lead  must  be  used 
to  carry  water  up  an  eminence.*  Passages  to  the  same  effect 
might  be  adduced  from  other  ancient  wnters,  containing  plain 
allusions  or  direct  statements  relative  to  the  consequences  of  the 
pressure  and  flow  of  water.  Indisputable  evidence  that  the  an- 
cients were  not  ignorant  of  this  principle  has  been  afforded  by  the 
researches  made  among  the  ruins  of  Pompeii,  where  the  remains 
of  fountains  and  baths  show  that  the  inhabitants  of  that  city, 
which  was  destroyed  in  the  reign  of  the  Emperor  Titus,  were  not 
unskilled  in  the  means  of  causing  water  to  ascend  through  pipes 
and  conduits.  The  reason  why  the  Romans  did  not  i^opt  the 
method  of  conducting  water  through  large  tubes  was  cniefly 
because  they  were  unable  to  construct  such  tubes  as  would  be 

Of  what  nature  are  the  impediments  to  the  motion  of  liquids  Id  eon- 
duit  pipes  ? 

In  what  manner  were  the  ancients  accustomed  to  conduct  water  from 
a  distance  into  their  cities  ? 

What  evidence  have  we  that  the  ancient  Romans  understood  the  prin- 
ciples of  hydrostatic  pressure  as  applicable  to  subterranean  eondoits  ? 

*  Plinii  Hist.  Natural,  lib.  xxxvi.  cap.  vii.     See  Leslie's  Elem.  of  Nat 
/%/;o&  pp.  411—413. 
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water-tight  when  exposed  to  the  presmire  of  a  eotisiderablo 
coluran  of  liquid.  Their  water-pipes  were  made  of  lead,  earthen* 
ware,  or  wood,  and  were  in  many  respects  inferior  to  those  used 
in  modem  times. 

59.  Some  of  the  most  remarkable  phenomena  of  nature  are 
owin^  to  the  tendency  of  liquids  to  form  coherent  masses,  to 
become  extended  over  the  surlaces  of  solids,  and  to  flow  in  any 
direction  till  they  find  a  common  level.  Water  is  the  most  abun- 
dant of  all  liquids,  and  if  we  trace  its  operations  under  the  seye- 
rel  forms  of  rain,  springs,  fountains,  running  streams,  lakes,  or 
rivers,  communicating  with  the  extended  ocean,  the  peculiar  pro- 
perties which  constitute  the  distinctive  character  of  liquid  bodies 
will  be  recognised  in  the  effects  which  they  produce.  Some 
notice  has  already  been  taken  of  the  difiRBrent  states  of  aggrega- 
tion which  water  assumes  when  exposed  to  certain  dmrees  of 
temperature,  being  expanded  or  converted  into  vapour  by  heat, 
and  condensed  by  cold.*  It  may  be  considered  as  making  its 
first  appearance  as  a  liquid  in  the  form  of  falling  rain,  which  con^ 
siste  ordrops  of  water  recently  produced  by  Uie  condensation  of 
af  neons  Tapours. 

53.  **The  drops  of  rain  Tary  in  their  size,  perhaps  from  one 
twenty-fifth  to  one-fourth  part  of  an  inch  in  diameter.  In  parting 
fipom  me  cloads,  tiiey  precipitate  their  descent  till  the  increasing 
reeistaiiee  opposed  by  tne  air  becomes  equal  to  their  weight,  who* 
they  contintte  to  fiiU  with  a  uniform  velocity.  This  velocity  is, 
therefore,  in  a  certain  ratio  to  the  diameter  of  the  drops ;  hence 
thunder  and  otiier  showers  in  which  the  drops  are  large  pour  down 
ftster  than  a  drizaling  rain.  A  drop  of  the  twenty-finh  part  of 
an  inch,  in  iiEillin^  through  the  air,  would^  when  it  had  amved  at 
its  uniform  yelocity,  only  acouire  a  eelenty  of  eleven  feet  and  a 
half  per  second ;  while  obe  oi  one-fi>urth  of  an  inch  would  acquire 
a  Telocity  of  tiiirty-three  feet  and  a  half."f 

54.  Experimental  inquiries  have  frequeatiy  been  instituted  as 
to  the  quantity  of  rain  which  had  fallen  at  any  particular  place 
during  a  certain  period.  An  estimate  of  the  amount  of  aqueous 
fluid  discharged  from  the  atmosphere  might  be  formed  from 
obsenring  the  quanti^  of  rain-water  deseenaing  on  the  roof  of  a 
house  or  any  other  buUding,  provided  the  whole  could  be  collected 
and  measured  before  any  ffortion  of  it  had  been  dissipated  by 
evaporation,  and  an  exaet  nieasurement  could  also  be  obtained  ctf 
the  superfidal  area  of  the  suriace  on  which  the  rain  had  fidlen. 

Why  did  not  die  ancients  earry  all  their  aqaedacts  beneath  the  aorfaee 
of  die  groand  ? 

What  limit!  die  velocity  of  water  descending  in  the  form  of  rain  ? 

To  what  is  the  resistance  of  the  air  to  falling  drops  of  water  propor- 
tiofied? 

How  might  an  estimate  be  formed  of  the  amount  of  water  descending 
annually  over  the  surface  of  a  country  ? 


•  See  Mechanics,  54.  f  Leslie's  Treatise  on  Heat  i.w^'NlwtoQx^ 
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There  are  some  situations  in  which  this  plan  might  be  executed 
wi&out  much  difficulty. 

55.  But  a  more  generally  applicable,  though  perhaps  less  satis- 
fectory  method  of  ascertaining  the  daily,  weekly,  monthly,  or 
annual  fall  of  rain,  in  any  situation,  is  by  means  of  an  instrument 
called  a  pluviameter,  or  rain-gauge.  (  This  ini^{|rument  has  beeo 
variously  constructed,  and  the  different  forms  which  have  been 
recommended  may  each  have  their  particular  advantages ;  but  the 
general  object  of  all  of  them  is  the  collection  of  rain  tailing  on  an 
area  of  known  extent,  as  a  few  square  inches,  and  providing 
for  its  accurate  measurement.  Below  is  represented  a  ram- 
page which  has  at  least  the  merit  of  simplieity,  as  showing,  on 
mspection,  the  quantity  of  rain-water  which  may  have  fallen  on  a 

certain  area  during  any  given  time.  /  It  con- 
sists of  a  quadrangular-topped  funnel.  A, 
the  opening  of  which  may  be  ten  inches 
square,  terminating  below  m  a  reservoir  B. 
Through  the  neck  or  opening  between  the 
funnel  and  the  reservoir  is  inserted  the  gra- 
duated rod  C,  to  which  is  adjusted  the  ball 
D,  made  of  cork  or  light  wood,  so  that  it 
may  float  on  the  surface  of  the  water  in  the 
reservoir,  and  the  upper  part  of  the  rod  being 
marked  with  divisions  into  inches  and  parts 
of  an  inch,  will  indicate  by  its  ascent  the 
depth  of  water  in  the  reservoir.  The  stop- 
cock E  serves  to  let  off  the  water  afier  its  (juantity  has  been  noted, 
or  at  any  stated  periods.  A  more  simple  mstrument  consists  of  a 
conical  vessel  about  8  or  9  inches  high  and  5  inches  in  diameter, 
placed  in  a  convenient  frame  and  furnished  with  a  rod,  graduated 
progressively  to  correspond  to  the  varying  size  of  the  cone,  j 

56.  According  to  the  observations  of  Mr.  Daniell,  the  avera^ 

auantity  of  rain  which  falls  in  the  neighbourhood  of  London,  u 
le  course  of  a  year,  amounts  to  23.1  inches ;  the  greatest  quan- 
tity falling  generally  in  the  month  of  July,  and  the  least  in  Febru- 
ary ;  and  the  whole  quantity  falling  during  the  first  six  months 
being  not  much  more  than  iialf  that  in  the  last  six  months  of  the 
year.* 

57.  Leslie  has  remarked  that  in  general  twice  as  much  rain 
fUls  on  the  western  as  on  the  eastern  side  of  the  island  of  Great 
Britain,  and  that  the  average  quantity  may  be  reckoned  at  30 
inches.  According  to  this  estimate,  the  whole  discharge  from 
the  clouds  in  the  course  of  a  year,  on  every  square  mile  of  the  sur- 
face of  Great  Britain  would  at  a  medium  be  1,944,633,  or  neariy 

How  is  the  rain-gauge  eonstmeted  and  applied  ? 

What  depth  of  rain  generally  falls  in  London  in  the  eourae  of  a  year  ? 

•  Meteorological  Essays  and  Observations.    By  J.  F.  Daniell,  F.  R.  S. 
?d  edit. 
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■^  5^000,000  ton8.\   This  giyes  about  three  thousand  tons  of  water  for 
'each  English  acre,  a  quantity  equal  u/ 630,000  imperitJ  gallon8.Y 

58.  It  may  be  quesUoned  whether  the  rery  limited  extent  of 
any  observations  which  can  be  made  by  means  of  rain-guages 
afiords  ground  for  perfect  confidence  in  the  results  they  afford  ; 
and  hence  whererer  experiments  can  be  prosecuted  on  a  larger 
scale  it  is  desirable  that  they  should  be  recorded ;  as  the  conclu- 
sions already  obtained  might  thus  be  either  confirmed  or  cor- 
rected. 

59.  There  is  one  singular  circumstance  attending  the  fall  of 
rain  calculated  to  throw  some  doubt  on  the  absolute  accuracy  of 
the  common  mode  of  obsenration,  which  is,  '*  that  smaller  quan- 
tities have  been  observed  to  be  deposited  in  high  than  in  low 
situations,  even  though  the  difference  of  altitude  should  be  in- 
considerable. Similar  observations  have  been  made  at  the  sum- 
mit, and  near  the  base  of  hills  of  no  ?reat  elevation*  Rain-ffuages 
placed  on  both  sides  of  a  hill  at  the  bottom,  always  indicate  a 
greater  fall  of  rain  than  on  the  exposed  top.*'* 

60.  It  appears,  however,  that  larger  quantities  of  rain  fall  on 
extended  tracts  of  elevated  ground  than  at  the  level  of  the  sea ; 
but  that  at  stations  abruptly  elevated  above  the  surface  of  the 
earth  the  amount  diminishes  with  the  ascent.  The  mean  annual 
fa)l  of  rain  at  Geneva,  as  calculated  from  observations  during 
thirty-two  years,  amounts  to  30.7  inches ;  and  on  the  Alps,  at  the 
Convent  of  the  Great  St.  Bernard,  the  mean  of  twelve  years  is 
60.05  inches.  According  to  M.  Aragro,  who  has  traced  a  pro- 
gressive decrease  in  the  annual  amount  of  rain  from  the  equator  to 
3ie  poles,  not  less  than  123.5  inches  fall  in  a  year  on  the  Malabar 
coast,  in  latitude  11^  de^.  N.;  while  in  latitude  60  deg.  the 
quantity  is  reduced  to  17  mches. 

61.  The  water  that  falls  from  the  clouds  as  well  as  that  derived 
from  melted  snow  and  similar  sources,  if  the  surface  with  which 
it  comes  in  contact  happens  to  be  loose  and  porous,  will  sink  into 
the  bowels'  of  the  earth,  penetrating  in  any  direction  till  it  meets 
with  a  stratum  of  clay,  or  some  other  dense  and  almost  impervious 
substance,  which  may  cause  it  to  accumulate  and  form  subterrane- 

How  prtnt  a  weig^ht  of  water  hat  Leslie  supposed  to  fall  on  a  square 
mile  of  the  surface  of  Great  Britain. 

What  is  found  to  be  the  relative  quanti^  of  rain  falling  in  high  and  low 
stations  ? 

How  are  the  quantities  of  rain  found  to  vary  on  high  table  lands,  and  at 
(he  level  of  the  sea  ?  ' 

What  remarkable  example  of  this  variation  can  be  adduced  ? 

Wliat  are  the  relative  quantities  of  rain  falling  in  the  torrid  and  in  the 
temperate  zones  respectively  f 

Explain  tlie  manner  in  which  water  reaching  the  earth  from  the  clouds 
is  eventually  disposed  of? 

*  Leslie  on  Heat  and  Moisture ;  see,  also.  Proceeding  of  the  British 
Association  at  Cambridge,  1833,  for  a  report  of  espenm«ti&.%  ibaA!&  «!k 
York.— Ed. 
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6118  lakes  or  reservoirs,  the  contents  of  which  occasionally  an 
:-ai8ed  to  the  sarfaoe  in  Tarions  situations  by  hydrostatic  pressure. 
Thus  sometimes  in  digging  wells  it  is  necessary  to  peiletrate  to  a 
great  depth  before  water  can  be  obtained,  but  at  length  when  tlie 
source  is  found  ^e  water  rises  with  such  rapidity  in  the- shaft 
that  has  been  opened  as  scarcely  to  leave  time  for  the  well-sinkeis 
to  make  their  escape  ftom  the  ascending  column. 

63.  The  term  Artesian  wells  has  b^n  recently  applied,  esp*- 
cially  in  France,  to  wells  formed  in  the  manner  just  described, 
by  the  ascent  of  water  through  openings  made  by  boring  down 
and  introducing  tubes  which  traverse  the  superior  strata,  and  com- 
municate with  subterraneous  springs  or  reservoirs,  from  which 
the  water  rises  through  the  tubes  by  hydrostatic  pressure,  nearly 
or  quite  to  the  surface ;  constituting  in  the  latter  case  perpetoal 
fountains,  such  as  occur  on  the  eastern  coast  of  Lincolnslme, 
England,  where  they  are  called  Blow  Wells.  They  are  also  fie- 
quent  in  Artois,  in  the  Netherlands,  and  hence  they  have  derived 
Uie  appellation  of  Artesian  wells,  from  Artesium,  die  ancient 
name  of  that  country.* 

63.  Water  collected  in  subterraneous  passages  by  infiltration 
sometimes  passes  below  *ihe  bed  of  the  sea,  and  forms  a  sort  of 
Artesian  foumtains,  which  flow  at  intervals  depending  on  the  ris- 
ing and  falling  of  the  tide.  A  remarkable  ebbing  and  flowing 
stream  of  this  kind  was  discovered  in  1811,  by  boring  in  the  har- 
lonr  of  Bridlington  in  Yorkshire  ;f  and  submarine  fountains  have 
been  met  with  at  the  mouth  of  the  Rio  los  Gartos,  in  South  Ame- 
rica, at  Xagua,  in  the  Island  of  Cuba,  and  elsewhere.^ 

64.  By  means  of  such  undergfronnd  canals  formed  by  natom, 
streams  of  water  and  even  great  rivers,  after  sinking  into  gulls 
and  cavities  in  the  earth,  make  their  appearance  again  at  the  sur- 
face, in  some  cases  far  from  the  spots  where  they  descended.} 
Gulfs  of  this  kind,  in  which  rivers  and  rivulets  lose  themselves, 
occur  in  the  Alps  of  Jura,  and  other  limestone  mountains ;  and 
where  the  upper  surface  consisting  of  a  bed  of  tenacious  clay  prs- 
vents  the  absorption  of  the  rain-water  by  the  soil,  openings  into 
the  more  porous  strata  beneath  whether  natural  or  artificial,  may 

What  evidenee  have  we  of  (he  existence  of  extensive  eoUectioos  of 
water  under  the  surface  of  the  ground  ? 

To  what  is  thi  term  Artesian  wells  applied  ? 

What  is  the  origin  of  that  term  ? 

In  what  remarkable  situation  has  the  formation  of  Artesian  wells  beea 
occasionally  prosecuted  ? 

*  See  Notice  of  a  Lecture  on  Geology,  by  Br.  Buckland,  in  the  Be- 
port  of  the  British  Association,  vol.  i.  pp.  100, 101. 


t  See  a  Paper  by  John  Storer,  M.  D.  in  the  Philosophical  TransaelioM, 
lor  1815.     Abst.  of  Papers  in  Phil.  Trans,  vol.  ii.  pp.  6,  7. 

^  Numerous  Artethin  Weill,  both  salt  and  f     *  <        '         -        - 

D  the  United  Statea.— Ed. 
§  See  Homboldt'f  Travels,  vol.  U.  ^  SIO. 


^  Numerous  Artethin  wells,  both  salt  and  fresh  water,  have  been  tbtmH 
in  the  United  States.— Ed. 
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be  made  the  meane  of  coDveitiiig  a  marshy  waste  into  a  fertile 
plain.* 

65.  When  rain  hXLs  on  the  summits  or  elerated  sides  of  hills 
■nd  mooBtains,  if  the  sorface  he  solid  rock  or  clay,  the  liquid,  by 
its  natnral  tendency  to  flow  till  every  part  of  its  exposed  surface 
has  attained  a  common  lerel,  collects  in  rills,  which  find  or  form 
for  themselyes  narrow  channels,  through  which  the  water  descends 
to  the  plains  below ;  there  the  confluence  of  springs  from  various 
sources  produce  lakes  or  rivers,  which  in  general  ultimately  com- 
municate with  the  ocean,  or  with  some  great  inland  sea,  like  the 
Caspian  or  the  Lake  of  Aral,  both  which  are  below  the  level  of 
the  Mediterranean  ;f  and  other  lakes  which  have  no  outlet  must 
be  situated  in  valleys  or  basin-shaped  cavities,  either  below  the 
leaplevel,  or  surrounded  completely  by  walls  of  rock  or  compact 
earth,  which  prevent  the  egress  of  the  liquid  mass. 

66.  Rivers  in  their  passage  to  the  deep  sometimes  form  grand 
and  beautiful  cataracts  and  waterfalls,  where  the  collective  stream, 
after  being  confined  in  a  narrow  channel,  bursts  abruptly  over  a 
precipice  with  astonishing  force,  dashing  on  the  lower  surface, 
and  nsingr  again  in  clouds  of  misty  spray.  Such  are  the  famous 
Falls  of  Niagara,  formed  by  the  water  of  liake  Erie ;  the  Cataract 
of  Teoquendama,  on  the  Rio  Bogota,  in  South  America,  described 
by  Humboldt;  the  Fall  of  the  Rhine  at  Schaffhausen;  and  the 
cataracts  of  the  Nile,  at  Syene,  now  Assouan,  in  Upper  Egypt 

67.  The  currents,  which  have  been  thus  rushing  with  impetu- 
ous force  over  the  same  surfaces  for  successive  ages,  cannot  but 
have  had  a  considerable  effect  even  on  the  hardest  rocks  of  which 
their  beds  are  formed ;  and  hence  the  heigrhts  from  which  those 
torrents  descend  being  gradually  worn  down,  alterations  take 
place,  and  the  cataracts  must  at  length  lose  much  of  that  formid- 
able and  impressive  appearance  they  now  exhibit.  It  is  owing 
no  doubt  to  such  changes  that  the  descriptions  griyen  by  ancient 
travellers  and  geographers  of  some  of  the  most  remarkable  cat^ 
racts  by  no  means  correspond  with  their  present  state. 

68.  Rivers  formed  by  nature  are  running  streams,  whose  velo- 
city depends  on  the  inclination  of  the  surface  of  the  country 
through  which  they  pass.    They  have  in  various  ages  and  in  dif- 

In  what  instanees  is  water  known  to  have  collected  in  batins  below  the 
level  of  the  tea  ?  ^ 

What  inflneoee  are  cataracts  known  to  exercise  on  tne  rocks  over 
which  thej  descend  ? 

Why  are  the  accounts  of  ancient  travellers  not  alwajs  verified  by  the 
present  appearance  of  cataracts  ? 

On  what  does  the  velocity  of  natural  streams  depend  ? 

•  See  an  account  of  the  draining  of  the  Plain  of  Palaos,  near  Mar- 
leillea,  by  sinking  shafts  from  the  surface  into  the  cavernous  strata  be- 
low, which  conveys  water  tlirough  subterraneous  channels  to  the  barboor 
of  Mion,  near  Cassis,  forming  spouting  springs,  or  Artedaa  fouutalti^^— 
Arcana  of  Science  for  1938,  pp.  SS5, 886 ;  from  Herieart  da TYnorj. 

f  See  tbe  Report  of  the  Britiah  Association  at  York,  v.tSd* 

N  • 
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ferent  parts  of  the.  world  been  made  the  means  of  interconne  b) 
ii^and  navigation  between  distant  places.  For  this  purpose,  hoW' 
ever,  they  are  but  imperfectly  adapted ;  since,  besidM  the  obst» 
cles  arising  from  rapids  and  cataracts,  there  must  always  be 
difficulty  in  ascending  the  stream  of  a  river  proportioned  to  du 
rapidity  of  the  descending  current.  Hence  in  many  countriei 
navigation  for  the  purpose  of  internal  communication  is  in  a  great 
degrree  confined  to  the  largrer  rivers  and  tide-ways,  and  to  tiu 
numerous  artificial  canals  which  have  been  constructed  chiefl] 
since  the  middle  of  the  last  century;  and  the  smaller  natanl 
streams,  crossed  by  wears,  mills,  and  manufactories  of  varioui 
descriptions,  maj  thus  be  most  effectively  rendered  subservient  to 
the  promotion  of  national  industry  and  wealth. 

69.  A  navigrable  canal  usually  consists  of  several  continuoui 
bodies  of  water,  sometimes  of  considerable  longitudinal  extent 
and  each  one  having  a  perfectly  level  surface,  the  water  being  ii 
rest.  In  a  country  intersected  by  numerous  mountain  ridges  SM 
valleys,  the  formation  of  a  ]onff  unbroken  line  of  canal  must  ii 
general  be  attended  with  difficulties,  and  can  seldom  be  effectsc 
at  all  except  by  erecting  massive  aqueducts  supported  on  arches 
and  stretching  firom  one  ipoint  to  another  over  the  lower  grounds 
and  elsewhere  by  carrying  subterraneous  galleries  or  tunneh 
through  intervening  hills. 

70.  Canals,  however,  generally  consist  of  several  longitudinal 
basins  at  different  levels,  and  to  preserve  or  rather  occasionallj 
to  form  communications  between  tiiese,  for  the  passage  of  vessels, 
locks  are  constructed  wherever  a  variation  in  the  level  takes  place, 
and  thus  vessels  may  be  raised  or  lowered,  according  to  circum- 
stances. Locks  are  notiiing  more  than  small  basins,  with  fiood* 
gates  at  each  end,  placed  across  the  canal,  from  side  to  side,  and 
tiius  including  a  portion  of  its  water  between  tiiem.  To  transfei 
a  vessel  from  the  higher  to  the  lower  level,  the  water  in  the  inter- 
vening lock  must  be  raised,  by  opening  sluices  at  tiie  bottom,  to 
the  height  of  the  upper  level,  then  Uie  floodgates  on  that  side 
being  opened,  the  vessel  is  to  be  drawn  into  the  lock,  the  gatef 
tiirough  which  it  has  passed  are  to4}e  shut,  and  the  water  in  the 
lock  suffered  to  sink  through  sluices  to  the  level  of  the  lower  pail 
of  the  canal,  and  the  lower  floodgates  then  being  opened  thi 
vessel  may  proceed  on  its  passage  till  it  reaches  tiie  next  lock 
where  the  saige  process  must  be  repeated.  The  transfer  of  a  ves 
sel  from  a  lower  to  a  higher  level  is  effected  by  the  contrai] 
operation  of  laising  the  water  in  the  lock,  instead  of  sinking  it 
while  the  vessel  remains  inclosed  in  it. 

71.  The  passage  of  vessels  in  eitiier  direction  through  a  loci 
cannot  take  place  without  the  loss  of  a  considerable  quantity  si 

What  eireamsUnce  liinitt  the  oaefulnest  of  riven  for  purposes  of  M 
vigation  ? 

Of  what  do  artifieial  canals  eomroonly  consist  ? 

In  what  manner  is  a  communicmtion  effected  ft*om  a  reach  of  casal  ■ 
one  level  to  that  at  another  ? 
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irater,  wbich  must  in  each  case  be  allowed  to  escape  from  the 
tig^er  to  the  lower  leTel  of  the  canal.  Where  the  supply  of  water 
heiefore  is  not  yery  copious,  and  more  especially  when  the  appli« 
sation  of  artificial  means  is  requisite  to  obtain  it,  the  loss  becomes 
L  serious  inconyenience,  and  source  of  expense.  This  has  led  to 
lifierent  schemes  for  the  conyeyance  of  canal-boats  from  one  leyel 

0  another,  without  any  expenditure  of  water. 

73.  One  method  of  effecting  this  object  is  by  means  of  a  sus 
wnsion-lock  or  moyeable  basin,  containing  a  body  of  water  suf 
blent  to  float  a  canal-boat,  and  capable  of  being  alternately  raised 
io  the  higher  and  depressed  to  the  lower  leyel  of  two  correspond* 
ing  parts  of  a  canal,  separated  from  each  other  by  floodgates,  with 

1  space  between  them  in  which  the  suspended  basin  might  be 
raised  or  lowered,  so  as  to  take  in  and  discharge  the  boat.  This 
leheme  does  not  appear  to  haye  been  put  in  practice,  at  least  not 
oo  an  extensiye  scale ;  and  from  the  complication  of  the  machinery 
requisite,  it  would  probably  be  found  liable  to  insurmountable  ob- 
jections. In  some  situation,  the  basin  terminates  at  a  certain 
point,  and  another  basin  commencing  at  a  lower  leyel,  boats  are 
tnnsferred  from  one  basin  to  another  by  inclined  planes. 

Sptcifit  Gravity. 

73.  The  terms  Density  and  Specific  Grayity  haye  been  re- 
peatedly introduced  in  the  preceaing  pa^es;  and  their  general 
ngnification  has  been  in  some  degree  elucidated  already.  It  will 
hSwewet  be  necessary  now  to  explain  somewhat  more  fiiUy  the 
ngnification  of  those  terms,  not  only  as  applicable  to  liquid  bodies, 
but  likewise  with  reference  to  solids  and  ffases ;  and  to  describe 
the  means  by  which  the  specific  grayity  of  any  substance  may  be 
ascertained.  • 

74.  In  describing  tiie  effects  of  hydrostatic  pressure,  we  haye 
lutiierto  considered  them  as  owin^  to  the  presence  of  a  single 
liqiiid;  the  illustrations  of  the  principles  of  the  science  now  under 
leriew  haying  been  chiefly  drawn  from  the  phenomena  exhibited 
by  water  alone,  in  seyeral  situations  and  circumstances,  as  afford- 
atjt  results  more  simple  and  uniform  than  those  which  are  obseryed 
when  different  tiquias  are  placed  in  contact  with  each  otiier,  and 
when  their  combined  pressure  i)n  solids  as  well  as  their  mutual 
action  must  be  modified  accordingly. 

75.  It  has  been  sufficientiy  demonstrated  that  a  single  liquid,  as 
water,  will  always  stand  at  the  same  height  in  twot)r  more  open 

What  dindvantage  atteodi  the  transfer  of  boati  from  one  level  to  an- 
ottier  by  means  of  loeking  ? 

What  methods  have  been  proposed  or  employed  to  obviate  the  loss  of 
nter  in  the  transfer  of  boats  ? 

To  how  many  classes  of  bodies  are  the  terms  density  and  specific  gra* 
vihrapplicaUe  ? 

WlM»ee  results  the  equality  of  height  at  which  liq^ild^  t\^  VGk.  \siSiM.\ 
Wmmonieatiflig  with  each  other? 
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tubes  freely  communicating  with  each  other,  whatever  may  be  thei 
peculiar  forms  or  dimensions ;  and  this  indeed  is  a  necessary  eofl 
sequence  of  the  common  tendency  of  every  liquid  to  act  with  qqiia 
force  in  all  directions,  producing  equality  of  pressure  on  the  solii 
body  or  bodies  by  wluch  it  may  be  encompassed,  and  extending 
itself,  where  unconfined,  till  every  portion  of  its  sur&ce  has  as 
sumed  a  common  level. 

76.  When  two  liquids  or  any  greater  munber,  differing  inn 
each  other  in  specific  gravity,  are  placed  in  contact,  as  wl^  in 
eluded  in  a  glass  jar  or  bottle,  unless  they  are  capable  of  uniting 
to  form  a  chemical  compound,  it  will  be  perceived  that  eaeh  li^nic 
becomes  arranged  in  a  separate  and  distinct  stratum,  the  heanest 
or  th;;;  wtdch  has  the  greatest  specific  gravity,  sinking  to  the  hot 
tom  of  the  jar,  and  presenting  a  level  siurface  above,  on  which  resti 
the  next  heaviest  liquid ;  the  others  in  the  same  manner  tahini 
their  places  according  to  their  respective  degrees  of  relative  a 
specific  gravity.  Thus  mercury,  water,  olive-oil,  aiid  solphurM 
ether,  might  be  poured  into  the  same  phial,  in  which  they  woah 
form  separate  layers,  standmg  one  above  another^  in  the  order  h 
which  they  have  been  mentioned ;  water  b«mg  much  lighter  thai 
mercury,  oil  lighter  than  water,  and  ether  yet  lighter  than  oil. 

77.  Many  liquids,  differing  in  specific  gravity,  may  be  mizec 
by  agitation  so  as  to  form  a  compound ;  but  if  the  lig^hter  liquid  b< 
poured  gently  on  the  surface  of  the  heavier,  they  will  for  a  loo{ 
time  remain  distinct,  but  little  action  taking  plac^  "^^en  where  th 
surfaces  meet.  Every  body  knows  that  water  may  be  mixed  witl 
port  wine  or  spirits,  both  which  are  lighter  tlmn  thai  liquid,  as  ma] 
oe  shown  by  the  following  experiments* 

Suppose  A  B  to  represent  a  double-bodied  vesse 
the  only  communication  between  the  upper  anc 
lower  portions  of  which  is  through  the  tube  C  anc 
D ;  then  if  the  part  B  be  filled  with  water  to  Ac 
neck,  and  A  wim  port  wine,  so  as  to  rise  abovi 
the  tube  D,  still  no  mixture  or  alteration  in  the 
state  of  the  liquids  will  take  place,  for  the  li^test 
nW      L/  '-HR   occupying  the  highest  situation  will  retain  it  nn 

ffl!! M   disturbed.    But  if  the  lower  part  be  filled  witl 

port  wine,  and  the  upper  with  Vater,  the  formoi 
fluid  will  ascend  through  the  tube  D,  and  the  latter  descend  throogl 
the  tube  C,  till  they  have  entirely  changed  places.  A  vesss 
of  this  construction,  having  the  upper  part  transparent,  and  thi 
lower  part  opaque,  would  form  an  amusing  philosophical  toy,  b] 
means  of  which  might  be  exhibited  an  apparent  conversion  of  wate 
into  wine.    An  analogous  experiment  may  be  made  by  taking  i 

What  happens,  when  two  liquids,  inoapaUe  of  chemkal  uoloiiy  and  o: 
different  specific  gravities,  are  put  2nto  the  same  vessel  ? 

With  what  liquids  might  this  troth  be  iUustrated  ? 

Is  the  actual  mixture  of  two  liquids  capable  of  oombioing^  a  tertaSt 
consequence  of  placing  the  one  upon  the  other  ? 

3/  vhat  arrau^ment  of  apparatus  might  this  be  exemplified  i 


arnaH.  bottle,  with  a  lon^  qbitov  neck,  not  more  thsn  the  sixth  of 
■niocfa  in  diuneter,  which  ie  to  be  filled  with  Bpirit  of  wine,  tinged 
red,  bf  iniiuing  in  it  raspioga  of  e&aden  wood,  or  yellow,  hj  pnt- 
ting^to  it  a  Bmill  quantity  of  ssSron ;  the  bottle  thus  fiUml  with 
the  ooloared  spirit  ib  then  to  be  placed  at  the  bottom  of  a  deep  glaal 
jar  of  water,  when  the  spirit  will  be  seen  to  aseead  like  a  red  or 
jeDow  thread  through  the  water,  till  the  whole  has  reached   the 

79.  Bodies,  differing  in  Bpecific  gravity,  and  incapable  of  com- 
binuion,  may  be  ahakeo  together  in  a  phial,  and  mixed  for  a  time, 
bat  will  separate  eompleteljr  on  being  allowed  to  remain  at  rest.^ 
Such  ia  the  effect  exhibited  in  the  folmwing  mimic  representaiion 
of  the  production  of  the  fonr  elements  from  chaoa.  A  glass  tnbe, 
about  an  inch  in  diameter,  closed  at  one  end,  or  a  deep  phial,  being 
nearlv  filled  with  equal  parts  in  bulk  of  coarsely  powdered  glass, 
oil  01  tertar,  proof  spirit,  and  naphtha  or  spirit  of  turpentine,  the 
former  spirit  tinged  blue,  and  the  tatter  red,*  the  tube  or  phial 
must  be  secored  with  a  cork ;  and  when  it  is  briskly  shaken  the 
foni  imaginary  elements  will  form  a  confused  dull-looking  mass, 
but  on  setting  the  phial  upright,  ftnd  suSering  it  to  remain  undis- 
turbed for  some  time,  an  entire  separation  will  take  place  between 
the  sereral  portions  of  the  chaotic  mixture;  the  powdered  dass 
at  the  bottom  representing  earth ;  the  oil  of  tartar,  floBtins  abore 
it,  water ;  tiie  spirit,  with  iifl  cerulean  tint,  occupying  the  place  of 
air;  and  the  glowing  naphtha  at  the  top  designed  as  an  emlriem 
of  elementaiy  fire. 

79.  When  two  liquids,  raryingin  specific  giavi- 
ty,  are  included  in  a  bent  tube,  as  represented  in 
the  annexed  figure,  they  will  not  stand  at  the  same 
height  on  both  sides  of  the  tube,  like  n  single  liquid; 
but  their  respective  heights  wilt  be  in  the  inverse 
ratio  of  their  specific  gravities.  Thus,  aa  any  given 
bulk  of  mercury  weighs  nearly  fourteen  times  aa 
much  aa  an  equal  bulk  of  water,  one  inch  of  mer- 
cury, M,  would  equipoise  about  fourteen  inches  of 
water,  W,  on  the  opposite  side  of  the  bent  lube. 
Neither  the  form  uor  the  dimensions  of  the  tube  are 
of  any  importance  to  the  result  of  this  experiment; 
for  as  in  other  cases  of  hydrostatic  pressure,  a  small  quantity  of 
water  may  be  made  to  counterbalaJice  the  larger  quantity  of  the 
heavier  fiuid  mercury,  provided  the  column  of  water  stands  per- 
pendicularly  fourteen  times  as  high  as  the  column  of  mercury. 
What  hsppent  vhea  two  liquidt  incapable  of  Bombination  are  ibakca 


l««her? 
Deaeril 
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80.  On  the  principle  now  stated,  a  ready  mediod  mii^ 
be  contriyed  for  ascertaining  the  relative  weishts  or  spe^ 
cific  gravities  of  any  two  liquids,  as  oil  and  water,  mt 
water  and  ether,  or  spirit  of  wine.  For  this  purpose  if 
would  merely  be  requisite  to  procure  a  glass  tube,  beid 
and  ^rraduated  as  represented  in  the  margin;  then  <m 
pounng  into  the  upright  branches,  e<iual  quantities  by 
weiffht  of  the  respective  liquids,  their  relative  weight! 
would  appear  on  inspection;  being  inversely  as  the 
-1  U  heights  to  which  they  would  rise  in  the  branches  of  the 
Vc3^  tube.  The  accuracy  and  utility  of  such  an  instrument 
would  be  augmentea  by  filling  the  lower  portion  of  the 
tube  with  mercury,  and  the  graduated  branches  being'  of  equi 
diameter,  given  weights  of  any  liquids,  which  would  not  act  che* 
mically  on  the  mercury,  would  show,  by  their  respective  heights 
on  either  side,  how  much  firreater  space  an  ounce,  a  dram,  or  any 
other  quantity  of  one  liquid  would  take  up  than  an  equal  ^uantt^ 
of  the  other ;  and  hence  it  would  appear  how  far  the  specific  grv 
vity  of  the  latter  exceeded  that  of  tne  former.* 

81.  As  the  specific  gravity  of  a  liquid  is  indicated  by  the  relattve 
space  which  any  nven  portion  by  weight  occupies,  so  in  the  same 
manner  the  specific  gravity  of  a  solid  body  may  be  inferred  from 
the  bulk  of  water  or  any  liquid  of  known  specUic  gravity,  which 
an  ounce,  a  pound,  or  any  similarly  ascertained  quantity  of  the 
solid  would  displace  when  plunged  in  the  liquid.  On  this  princi- 
ple depend  the  usual  methoas  of  determining  the  specific  gravities 
of  boaies,  by  means  of  hydrostatic  balances,  hydrometers,  are- 
ometers, and  oleometers.! 

82.  The  discovery  of  this  fundamental  principle  of  science  has 
been  generally  ascribed  to  the  Syracusan  philosopher,  Archime- 
des, and  the  circumstances  relating  to  it  are  thus  reported  by 
Vitruvius.^:    Hiero,  King  of  Syracuse,  having  ordered  an  artist 

How  might  the  prineiple  involved  in  that  experiment  be  applied  to  de- 
termine the  relative  weights  of  different  liquids  ? 

What  is  the  relation  between  tfie  density  of  a  liquid  and  the  spaec 
which  a  given  weight  of  it  must  oecupy  ? 

How  may  the  specifie  gravity  of  a  solid  be  found  without  reducing  it  to 
any  particular  form  or  bulk  ? 

What  instruments  are  employed  to  determine  relative  weights  oi  bo- 
dies ? 

*  An  instrument  in  which  the  two  open  ends  of  the  tube  are  turned 
downwards  and  dipped  into  separate  cupl  of  liquids,  and  to  the  bent  oi 
upper  part  of  which  an  exhausting  spring  is  applied  to  produce  a  partial 
vacuum  to  raise  the  liquid,  is  much  more  convenient  in  practice.  It  haa 
long  been  known  in  France  as  the  *•  areometre  a  pompe."  A  modifica- 
tion by  Dr.  Hare  is  called  the  litrameter. 

fThe  former  of  these  instruments  is  so  called  from  the  Greek  J  imp, 
water,  and  Mixftev,  a  measure  ;  and  the  latter  from  A«»>ec,  light,  or  hav- 
ing comparative  levity,  and  M<rpev.    Oleometers  test  the  value  of  lamp  oil. 

iAroAitectar.  lib.  9.  eap.  8. 
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16  Hmke  Un  a  ^Iden  crown,  after  it  wao  completed  foand  soom 
mnite  fof  oatpidon  that  the  goldsmith  had  imposed  on  him  1^ 
mixlnff  with  the  gold,  with  which  he  had  prohably  been  famished 
from  uke  royal  treasary,  an  inferior  kind  of  metal.    The  inyesti- 

etion  of  tms  matter  was  referred  to  Archimedes,  who  appears  to 
¥6  been  nnable  for  some  time  to  contrive  any  satisfactory  method 
«f  ascertaining  whether  the  crown  consisted  of  mixed  metal  or 
Mie  gold.  At  length,  on  the  occasion  of  his  getting  into  a  bath, 
M  observed  that  the  water  rose  on  the  sides  of  the  marble  basin  ^ 
•r  teaervoir  in  which  he  stood,  in  exact  proportion  to  the  bolk  of 
Ut  body  beneath  the  surface  of  the  flnid.  At  once  the  idea  flashed 
•n  his  mind  that  every  solid  plunged  under  the  surface  of  water 
ftniet  displace  precisely  an  ^ual  bulk  of  that  liquid  ;  and  as 
totids,  bulk  for  bulk,  are  some  lighter  than  others,  the  compara- 
tiw  or  relative  gravity  of  two  or  more  solids  might  be  ascertained 
hy  immersing  ec^ual  weights  of  them  in  water,  and  observing  the 

aaantity  of  liqoid  displaced  by  each  of  the  solids.  Convince 
lat  he  could  by  this  means  find  out  whether  Hiero^s  crown  had 
been  adulterated,  the  philosopher  is  said  to  have  leaped  from  the 
bath,  in  a  fit  of  scientific  ecstasy,  which  rendered  him  insensible 
to  every  thing  except  the  importance  of  the  principle  lie  had  dis« 
eovered,  and  running  naked  through  the  streets,  he  exclaimed 
aloud,  ** ^Etfmx^-^fiv^Muu*'  **  I  have  found  it  out! — I  have  found 
it  out !" 

83«  In  order  to  apply  his  theory  to  practice,  he  procured  a  mass 
of  ffold  and  another  of  silver,  each  having  just  the  same  weight 
with  the  crown:  then,  plunging  the  three  metallic  bodies  suc- 
cessively into  a  vessel  quite  filled  with  water,  and  having  care- 
fully  collected  and  weighed  the  quantities  of  the  liquid  which  had 
been  displaced  in  each  case,  he  ascertained  that  the  crown  was, 
bulk  for  bulk,  lighter  than  gold,  and  heavier  than  silver;  and  he 
therefore  concluded  that  it  had  been  alloyed  with  the  latter  metal. 
94.  In  comparing  the  relative  or  specific  gravities  of  bodies,  it 
it  necessary  that  there  should  be  some  standard  to  which  the 
lespective  weights  may  be  referred.,  'it  might  be  stated  that  pla- 
tina  is  as  heavy  again  as  silver,  and  that  cast  iron  is  not  much 
more  than  half  as  heavy  as  mercury ;  but  it  would  not  be  possible 
from  these  data  to  decide  whether  silver  would  sink  beneath  the 
surface  of  mercury ;  for  though  it  is  clear  that  cast  iron  would 
float  on  mercury,  yet  unless  some  further  information  were  ^iven, 
DO  comparison  could  be  made  between  the  relative  gravities  of 
vilver  and  mercury^  Supposing,  hovirever,  it  be  known  that  mer- 
eary  is  thirteen  times  and  a  half  the  weight  of  water,  silver  ten 

What  historical  account  is  given  of  the  discovery  of  this  method  of  de- 
ttnnining  specific  gravities  f 

What  process  was  performed  by  Archimedes  to  detect  the  amount  of 
ilW  in  Uieru*s  crown  ? 

What  standard  is  it  customary  to  assume  in  speaking  of  the  relative 
weights  of  bodies  f 

What  renders  any  such  standard  necessary? 
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les  and  a  half,  iron  seven  times  and  a  hali^  and  platma  twaihps- 
Umes,  it  will  be  obvious  that  the  lastrmentiiHied  metal  woiud 
sink  in  mercury,  while  eilyer  as  well  as  iron  would  remain  sus- 
pended on  it. 

85.  Tables  of  the  specific  gravities  of  a  great  multitude  of 
bodies  have  been  constructed,  showing  their  relative  weights, 
expressed  in  numbers  denoting  in  what  ratio  they  exceed  or  All 
below  that  of  water.  The  adoption  of  this  fluid  as  the  standard 
^f  specific  gpravity  is  attended  with  -  several  ^vantagnea,  which 
nave  induced  philosophers  in  general  to  consider  its  density, 
under  certain  conditions  of  temperature  and  atmospheric  pressnis, 
as  affording  a  convenient  point  of  comparison  to  which  may  be 
referred  the  densities  of  other  bodies,  whether  solids,  liquids,  or 
gases.*  The  extraordinary  power  of  water  to  resist  compression 
by  mere  mechanic  force,  except  under  such  circumstances  as  can 
rarely  take  place,t  is  one  of  the  advantages  it  presents ;  but  in 
the  prosecution  of  experiments  of  a  delicate  nature,  the  pressure 
of  the  atmosphere  must  be  taken  into  the  account  in  order  to  en- 
sure accuracy  in  the  results  of  our  calculations.  Alternations  of 
temperature,  as  to  heat  and  cold,  also  affect  the  bulk  of  water  so 
considerably  as  to  render  it  absolutely  necessary  that  any  sub- 
stances, whose  specific  gravity  we  wish  to  ascertain  by  experi- 
mental comparison  with  that  of  water,  should  have  the  same  tem- 
perature with  the  standard  liquid,  or  that  allowance  should  be 
made  for  any  unavoidable  difference  of  temperature.  Purity  of 
the  watery  fluid  is  likewise,  as  may  be  supposed,  indispensably 
requisite ;  rain-water  carefully  distilled,  and  thus  freed  from  all 
foreign  impregnation,  is  therefore  to  be  preferred  in  the  prosecu- 
tion of  experimental  inquiries. 

86.  In  the  London  Philosophical  Transactions  for  1798,  is  a 
memoir  by  Sir  George  Shuckburgh  Evelyn,  containing  an  account 
of  numerous  and  important  experiments  on  the  specific  gravity  of 
water,  which  have  served  as  the  foundation  of  subsequent  re- 
searches. He  found  that  a  cubic  inch  of  pure  distilled  water,  the 
barometer  standing  at  29.74  inches,  and  Fahrenheit's  thermome- 

What  advantages  belong  to  the  standard  actually  adopted,  beyond  what 
are  possessed  by  other  substances  ? 

What  relation  has  temperature  to  the  method  of  determining  spedfie 
gravities  f 

What  is  the  weight  of  a  cubic  inch  of  water  at  mean  temperature  and 
pressure  ? 

*  The  relative  density  of  gases  is  sometimes  estimated  by  comparisoo 
with  that  of  atmosplieric  air,  as  the  standard  :  but  the  ratio  of  the  sped6e 
gravity  of  atmospheric  air  compared  with  that  of  water  being  known,that 
of  the  other  gases  may  be  deduced  from  computation,  when  their  aereral 
relations  in  point  of  density  to  atmospheric  air  have  been  ascertained ;  and 
on  the  contrary  the  relations  of  the  other  gases  to  atmospheric  air,  as  the 
staiiiiard  of  specific  gravity,  may  be  computed  from  a  table  of  apeMfia 
gravities,  including  the  gases,  and  referring  to  water  ai  the  eommoo  unit 
of  density. — See  Treatise  on  Pneumatics. 

t  See  10 — 15  of  this  article. 
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$  degrees,  woiglied  253^7  grains  troy.    Now  it  is  s  w^ 
:iied  fact  that  water  attains  the  utmost  degree  of  densi' 
fofe  it  £peexes,  its  bulk  being  relatiyelj  less  at  40  deg.  of 
heit  or  8  deg.  aboFe  the  freezing  point,  than  at  any  point 
dflher  or  lower  in  the  scale.* 

rEe  difference  of  the  weight  of  a  cubic  inch  of  distilled 
X  40  deg.  and  at  60  deff.  is  somewhat  less  than  half  a  ffrain 
hence  it  may  be  maoe  to  appear  from  calculation  mX  a 
xyt  of  pure  water,  at  its  greatest  densi^,  weighs  almost 
1000  ounces  SYoirdupoia,  or  62^  pounds.  Iff  therefore, . 
dfic  gravity  of  water  be  represented  hj  the  number  1000, 
'  the  numbers  in  the  following  table  will  express  the  cor- 
liBg  weights  of  a  cubic  foot  of  the  several  bodies  included 
Thus  a  cubic  foot  of  pure  gold  would  weigh  19,258  ounces 
ipois,  and  an  equal  bulk  ofcork  but  240  ounces. 

eeyie  QramHet  ofvarioua  SoUis^  Liquida^  and  Gofet,  oi 
pared  untk  Water  at  60  Deg. 


purified  • 

last    •  •  • 

ammered  .  • 

tandard,  22  carats 

y,  fluid  •     '  • 

solid  «  • 

»8t  •  • 

cast  •  • 
hammered 

li,  cast  •  • 

',  cast  •  • 

east  •  •     • 

wire  •  • 

t  cast  • 
ist 

illeable  •    ~   • 

iofl  • 

empered  •  • 

st  •  • 

BSt  • 


22,069 

19,500 

19,258 

19,361 

17,486 

13,568 

13,610 

11,352 

10,474 

10,510 

9822 

8788 

8395 

8544 

7807 

7207 

7788 

7833 

7816 

7291 

7190 


Sulphate  of  Barytes,  or>   ^.j^ 

Ponderous  Spar  J  ***" 

Oriental  Ruby      •  .      4283 

Brasilian  Ruby    •  •      3531 

Bohemian  Garnet  •      4188 

Oriental  Topaz     .  •      4010 

Brazilian  Topaz  •     3536 

Diamond              •  •      8581 

Natural  Magnet   •  .      4800 

Fluor  Spar  .  •  3181 
Parian  Marble,  white  .  51837 
Carrara  Marble,  white        2716 

Rock  Crystal       .  .      S653 

Flint  •  .  .  2594 
Sulphate  of  Lime,  or 

Selenite    • 
Sulphate  of  Soda,  or 

Glauber  Salt     . 
Chloride  of  Sodium, 

or  Common  Salt 

Phosphorus          •  7     1770 


2200 

2130 


lAt  temperttore  Is  water  at  flie  greatest  density  } 

is  the  weight  of  a  eabie  foot  ofwater  at  its  greatest  density  f 

woiUd  be  ue  weight  in  ounoes  of  a  cubic  foot  of  platina  ? 

d  a  block  of  silver  sink  or  swim  in  a  bath  of  mercury  ?  why  ? 

d  a  piece  of  steel. sink  or  swim  in  melted  cop^  ? 

would  be  the  eflbct  of  dropping  a  bar  of  lead  into  a  pot  of  melted 

nsny  timet  more  matter  ina  cubic  foot  of  saltpetre  than  in  a  like 
water? 

*  See  Treatise  on  Pyrmmi^s 
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Sulphur,  native     •        .     2033 

Plumbago,  or  Blaidk  Lead  1860 

Coal  .        • 

Sulphurio  Acid,  or  OU 
of  Vitriol 

Nitric  Acid 

highly  con- 
centrated 

Muriatic  Acid,  liquid, 
or  Spirit  of  Salt 

Sea-Water  • 

Ice       .        •        . 

Alcohol 

Proof  Spirit 

Sulphunc  Ether 

Naphtha 

Linseed  Oil 

Oliye  Oil 

Oil  of  Turpentine 
Aniseed  • 
Lavender  • 
Cloves 

Camphor 

Yellow  Amber     • 

White  Sugar 


1270 
1840 
1271 
1583 

1194 

1030 
930 
797 
923 
734 
708 
940 
915 
870 
986 
894 

1036 

1076 
1606 


Honey         •        • 
White  Wax 
Caoutchoue,  or  Gum 

Elastic 
Ivory 


Milk,  cow's  •  • 
Butter  •        •        • 

Mahoirany  •  •  • 
Lign?m  Tarn  .  . 
Dutch  Box  •        • 

Ebony  •  •  • 
Heart  of  Oak,  60  yean  > 

felled  .  '    5 

White  Fir 
Willow 

Sassafras  Wood  •        • 
Poplar         •        •        • 
Cork 
Chlorine,  formerly  called 

Oxymuriatic  das 
Carbonic  Acid,  or  fixed 

air  .        •        • 

Oxy^n  Gas  •  • 
Azotic,  or  Nitrogen  G^ 
Hydrogen  Gas  •  • 
Atmospheric  Air  • 


1460 
968 

933 

1917 
1111 
1083 
9tf 
1063 
1333 
1388 
1177 

1170 

569 
585 
489 
383 

240 

9.02 

1.64 

1.34 
0.98 
0.06 
1.21 


89.  If  the  specific  gravity  of  water  be  represented  by  1  instead 
of  1000,  then  that  of  platina  will  be  22.069,  the  last  three  fiffores 
being  taken  as  decimtus ;  the  specific  gravity  of  standard  gold  will 
be  17.486,.  that  of  sea-water  1.030,  that  of  olive  oil  0.915;  and  so 
on  throughout  the  table,  the  three  right  hand  figures  representing 
decimal  parts,  except  ^ose  denoting  the  specific  gravities  of  the 
gases,  the  numbers  of  which  must  be  thus  alterea  to  indicate  tha 
relations  of  their  specific  gravities  to  that  of  water. 
Water  -  -  -  -  1. 
Chlorine  -        -        -      0.00302 

Carbonic  Acid  -  -  0.00164 
Oxygen  Gas  ...  0.00134 
Nitrogen  Gas  ...      0.00098 


Which  would  sink  moit  rapidly  in  vater,  a  pieee  of  flint,  or  one  of  na- 
tive  sulphar  f 

When  alcohol  and  linseed  oil  are  pot  into  the  same  veifd,  which  will 
occupy  the  higher  part  ? 

Determine  the  same,  with  re^rd  to  water  and  honey-— oil  of  tnracD" 
tine  and  cow's  milk — ^proof  spirit  and  naphtha— sulphurio  ether  and  oil 
of  lavender. 

When  the  speeifie  grarity  of  water  is  taken  as  unity,  what  mniC  W( 
sider  the  last  three  figorei  of  each  numVer  \n  t^bn  ta\A.«\ 
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Atmospheric  Air      -        -      0.00131 
Hydrogen  Gas         -        -      0.00008 

90.  From  the  foregoing  table  it  will  appear  that  almost  all  bo- 
dies will  float  on  the  surface  of  mercury ;  goM  and  platiua,  and 
thmr  alloys,  being  the  only  substances  known  of  higher  specific 
gravity  than  ttiat  metalic  fluid,  except  one  or  two  recently  disco- 
Tered  metals  of  rare  occurrence.*  Many  bodies  will  float  on  Uie 
smrfiELces  of  metal  while  in  fusion :  and  thus  earthy  and  other  sub- 
stances found  in  metallic  ores  rise  in  the  state  of  scoriae  to  the  sur- 
fiice  of  the  melted  metal  in  the  process  of  reduction.  The  lava 
discharged  from  volcanos  is  a  very  dense  fluid,  partly  metallic ; 
and  hence  stones  of  vast  bulk  and  weight  are  frequently  seen 
swimming  on  its  surface  while  it  remains  in  the  liquid  state. 

91.  Most  kinds  of  wood  will  float  on  water,  and  but  few,  as  fir, 
willow,  and  poplar,  on  rectified  spirit.  The  solution  of  a  solid  in 
any  liquid  increases  its  density :  thus  sea-water  is  heavier,  bulk 
for  buHL,  than  pure  water ;  and  an  egg  which  will  sink  in  Uie  lat* 
ter  will  swim  in  brine.  Hence  it  sometimes  happens  that  a  heavy 
laden  vessel,  after  having  sailed  in  safety  across  the  salt  sea,  sinks 
on  entering  the  mouth  of  a  river ;  owing  to  the  inferior  specific 
gravity  of  the  fresh  water. 

92.  The  specific  gravity  of  the  human  body  during  life  is  in 
most  cases  nearly  the  same  with  that  of  river  water,  and  coincides 
more  exactly  with  that  of  sea-water ;  so  that  there  are  probably 
but  few  persons  who  would  not  float  very  near  the  surfiace  of  the 
sea  in  calm  weather.  Corpulent  people  are,  bulk  for  bulk,  light- 
er than  those  of  sparer  habits  ;  for  the  adipose  membrane  or  fat  of 
animals  is  inferior  in  specific  gravity  to  water ;  whilst  lean  flesh, 
unless  the  blood  and  other  juices  are  drained  from  it,  js  of  higher 
specific  gravity  than  that  fluid,  and  bone  is  proportionally  much 
heavier  than  the  soft  parts  of  the  body.  Hence  it  might  be  infer- 
red that  the  power  of^  floating  on  water  does  not  depend  entirely 
on  the  relative  specific  gravity  of  the  solids  and  liquids  which  en- 
ter into  the  composition  of  a  human  body ;  and  accordingly  we 

Which  of  the  gaseous  bodies  has  the  greatest  specific  gravity  ? 

How  many  and  which  of  them  are  specifically  heavier  than  atmosphe- 
ric air  ? 

Which  ii  the  lightest  of  gaseous  substances  ?  ^ 

Why  do  the  impurities  of  metallic  ores  rise,  w^en  melted,  to  the  tm> 
fiice  or  the  mass.? 

What  is  the  nature  of  lava  ejected  from  volcanos  ? 

What  effect  on  the  specific  gravity  of  any  liquid  is  produced  by  dis- 
solving in  it  a  portion  of^  any  solid  } 

To  what  maritime  occurrence  is  this  fact  applicable  } 

What  is  the  relative  specific  gravity  of  the  human  body  compared  with 
fresh  and  with  salt  water  respectively  ? 

*  Iridium,  a  peculiar  metallic  substance  discovered  by  Mr.  Smithspn 
Tennant,  in  combination  with  crude  platina,  has  the  specific  gravity  of 
tl.6 1  and  Tungsten  is  a  rare  and  dlmeoltly  fuaiUe  iQtt\a2L^  ^«  v^«&^ 
tnrit/^  of  wbieEiM  ttated  to  be  ITS. 
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; 
find  that  tho  body  of  a  person  destroyed  by  drowning,  or  tiirowi 
into  water  immediately  after  ^death,  will  sink  far  beneath  the  snr- 
&ce ;  but  after  several  days  haye  elapsed  a  body  thus  treated  usu- 
ally rises  to  the  leyel  of  the  water,  m  consequence  of  its  hayinf 
become  specifically  lighter  than  that  fluid,  from  the  aecumulatioB 
of  gas  within  the  body,  produced  by  incipient  putrefaction.  It  is 
then  chiefiy  owin^  to  ^e  air  included  in  the  cayities  of  the  body 
during  life,  especially  that  portion  contained  in  the  lungs*  that  a 
man  is  enabled  to  float  on  the  surface  of  a  pond  or  riyer. 

93.  There  are,  howeyer,  some  credible  accounts  extant  of  po^ 
sons  whose  bodies  were  so  much  inferior  in  specific  grayity  t» 
water,  that  they  could  not  descend  beneath  its  sur^e ;  not  po^ 
sessing  that  *' alacrity  in  sinking,"  which  may  be  literally  attii* 
buted  to  most  individuals.  In  1767,  there  was  a  priest  reddioff 
at  Naples,  named  Paulo  Moccia,  whose  extraordinary  fiicility  oi 
flotation  attracted  much  public  attention.  This  ecclesiastie  cooU 
swim  on  the  sea  like  a  duck ;  when  he  assumed  a  perpendicular 
position,  the  water  stood  on  a  leyel  with  the  pit  of  nis  stomach; 
and  it  is  stated  that  when  dragged  under  the  water  by  one  or  mora 
persons  who  had  dived  for  that  purpose,  as  soon  as  he  was  r^ 
leased,  his  body  would  rapidly  rise  to  the  surface.  It  appears  diat 
the  weight  of  this  gentleman's  bc^  was  thirty  pounds  less  than 
that  of  an  equal  bulk  of  water.  Tnis  peculianty  of  conformatimi 
doubtless  depended  partly  on  his  being  extremely  fat,  and  having 
very  small  bones ;  besides  which,  probably  his  lungs  were  capable 
of  holding  a  larger  quantity  of  air  than  is  usual,  and  there  nuf^t 
also  have  been  an  accumulation  of  air  in  the  abdomen,  arismg 
from  the  disease  called  tympany,  or  from  some  other  cause. 

94.  Most  very  corpulent  people,  who  are  at  the  same  time 
stron?  and  healthy,  would  perhaps  find  on  trial  that  their  bodies 
would  float  on  water ;  and  those  who  do  not  happen  to  be  endowed 
with  a  superabundance  of  fat  might  still  in  almost  all  cases,  with 
a  little  application,  acquire  the  habit  of  floating  with  facility. 
The  capability  of  breathing  freely  and  at  regular  intervals  is  es- 
sentially requisite  to  enable  a  person  to  support  himself  on  the 
surface  of  water.  The  bead,  and  the  upper  and  lower  extremities 
are  relatively  heavier  than  the  trunk  of  the  human  body ;  and  the 
head  especially,  from  the  quantity  of  bone  of  which  it  is  com- 
posed, is  the  heaviest  part  of  the  whole  mass,  yet  unless  the  face 
at  least  be  kept  above  water  respiration  cannot  be  continued.  It 
is  therefore  of  the  highest  importance  that  all  persons  should  be 

Will  a  fat  or  a  lean  person  float  with  the  greater  fiicility  in  water  ? 

What  will  generally  occur  when  a  human  body  is  thrown  into  water  ? 

Why  does  Uie  body  of  a  drowned  person  rise  to  the  surface  after  behig 
some  days  in  the  water? 

What  extraordinary  instance  of  specific  lightness  in  the  human  bodjii 
recorded  ? 

Oil  what  circumstances  did  it  probably  depend  ? 

Wliat  operation  is  it  necessary  to  perform  while  attempting  to  float  os 
the  surface  ? 
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perfectly  aware  of  the  precautions  necessary  for  this  purpose ;  so 
uiat  any  one  accidentally  falling  into  the  water,  and  being  unable 
to  swim,  may  be  instructed  how  to  escape  a  watery  grave. 

95.  A  person  suddenly  immersed  in  water,  if  not  absolutely 
deprived  of  self-possession  by  fright,  should,  on  coming  to  the 
surface  after  the  first  plunge,  endeavour  to  turn  on  the  back,  care- 
fully keeping  the  hands  down,  with  the  palms  extended  towards 
the  bottom  of  the  water,  the  legs  being  suffered  to  sink  rather 
lower  than  the  trunk ;  the  only  parts  above  the  surface  will  then 
be  the  face  and  a  small  portion  of  the  chest :  at  each  inspiration 
more  of  the  head  and  chest  will  rise  above  the  water,  and  perhaps 
those  parts  will  at  first  be  for  a  moment  covered  with  the  aqueous 
fluid  at  the  interval  of  expiration  of  the  air.  Every  thing  depends 
on  making  ho  effort  to  raise  or  keep  out  of  Water  any  part  except 
the  face,  and  endeavouring  to  keep  the  lungs,  and  consequently 
the  chest  as  much  expanded  as  possible,  without  using  any  irre- 
gular exertions  in  breathing ;  and  it  may  be  proper  to  caution  per- 
sons thus  circumstanced  against  struggling  or  screaming,  as  worse 
than  useless;  for  in  case  any  one  who  mi^ht  yield  assistance 
sfiould  be  within  call,  it  would  be  best  to  wait  till  the  first  alarm 
had  subsided,  and  then  the  involuntary  bather,  conscious  of  com- 
parative security,  might  use  his  voice  with  due  effect,  and  with- 
out increasing  the  hazard  of  his  situation. 

96.  But  an  acquaintance  with  the  art  of  swimming  can  alone 
give  a  person  perfect  confidence  of  safety  when  by  accident  im- 
mersed m  water.  It  is  to  be  lamented  that  this  is  not  a  more 
general  accomplishment ;  for  it  is  one  which  must  frequently  prove 
of  great  utility;  and  it  is  much  to  be  desired  that  it  should  become 
a  branch  of  education  at  schools  for  boys,  as  being  of  higher  im- 
portance than  the  more  fashionable  arts  of  dancing,  fencing,  or  even 
gymnastics. 

97.  It  may  be  questioned  whether  written  instructions  alone 
would  enable  any  one  to  acquire  a  facility  in  swimming;  and  ad- 
mitting their  utility,  it  would  be  inconsistent  with  the  purpose  of 
this  work  to  afford  them  more  thaa  a  cursory  notice.  In  swim- 
ming, as  in  floating,  the  chief  olnect  of  attention  must  be  to  keep 
&e  face  above  water,  while  the  limbs  are  immersed ;  but  from  the 
different  position  required,  Lt  must  be  apparent  that  in  swimming, 
not  the  face  alone,  but  nearly  the  whole  head  must  be  sustained 
above  the  sniface.  In  inalktng  a  first  attempt,  the  advice  of  Dr. 
Franklin  may  be  followed,  where  he  directs  the  learner  to  walk 
into  water  till  lie  lieaclies  a  place  where  it  stands  as  high  as 
bis  breast,  and  dropping  into  the  clear  stream  an  egg ;  as  soon  as 
it  lias  reached  the  bottom,  he  is  to  lean  forward,  resting  on  the 

What  measures  dbouSd  be  adopted  when  one  is  suddenly  immersed  in 
water  ? 

Wliat  importanoe  ought  to  be  attached  to  the  ai*t  of  swimming? 

What  is  the  first  «tep  towards  the  acquisition  of  thmt  kn? 

How  m»jr  AeHeamer  be  made  sensible  of  the  buoyaul  v^^«r  ol  ^^ 
water/ 

0 
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water,  and  endeavour  to  take  up  the  egg,  when  he  will  becoUM 
sensible  of  the  upward  pressure  or  resistance  of  the  fluid ;  and  find- 
ing that  it  is  not  so  easy  to  sink  as  might  have  been  previously 
supposed,  the  young  adventurer  would  acquire  confidence  in  his 
own  efforts,  the  valuable  result  of  experience. 

'98.  Corks  or  blown  bladders  fitted  by  strinffs  passing  under  the 
arms  and  across  the  chest,  will  afford  material  assistance  in  sap- 
porting  the  upper  part  of  the  body  in  a  proper  position ;  but  they 
perhaps  rather  tend  to  retard  than  facilitate  the  progress  of  the 
learner,  by  leading  him  to  form  a  false  estimate  of  the  resistance  of 
the  water;  so  that  as  soon  as  he  makes  an  experiment  without  the 
corks  he  finds  himself  obliged  to  recommence  his  task,  and  study 
it  on  a  different  plan  which  might  as  well  have  been  adopted  at 
first.  If,  however,  corks  or  bladders  should  he  used,  it  is  highly 
necessary  that  they  should  be  secured  from  slipping  down  to  the 
hips,  and  thus  causing  the  swimmer  to  fall  with  the  head  vertically 
downwards,  and  incur  the  most  imminent  risk  of  drowning. 

99.  As  less  exertion  would  be  required  in  the  position  of  floatr 
ing  than  in  that  of  swimming,  there  would  perhaps  be  some  ad  ■ 
vantage  in  acquiring  the  power  of  flotation,  as  above  described, 
previously  to  attempting  to  swim.  This  having  been  effected,  the 
learner  might,  instead  of  the  common  expedient  of  using  corks, 
procure  a  two-inch  pine  plank,  ten  or  twelve  feet  long,  and  placing 
It  in  the  water,  lay  hold  of  it  with  one  or  both  hands  and  push  it 
before  him  while  learning  to  strike  with  his  legs.  But  this  or  any 
other  artificial  mode  of  practice,  that  may  be  adopted,  should  be 
laid  aside  as  speedily  as  possible,  as  the  learner  cannot  too  soon 
make  himself  acquainted  with  the  full  effect  of  the  pressure  of 
the  fluid  in  which  he  is  moving,  and  with  his  own  strength  and 
power  of  action ;  and  till  such  knowledge  is  attained  he  will  make 
but  slow  progress  in  the  art  of  swimming.  ^m. 

100.  The  method  of  communicating  buoyancy  to  solids  of  greater 
specific  gravity  than  water,  and  enabling  them  to  float  m  that 
fluid,  by  inclosing  within  them  air  or  gas,  is  susceptible  of  appli- 
cation to  a  variety  of  useful  purposes.  It  has  accordingly  been 
adopted  in  tlie  construction  of  swimming-girdles,  life-preserving 
belts,  and  air-jackets,  which  like  the  bladders  noticed  above,  are 
nierely  bags  of  different  shapes  contrived  so  as  to  be  inflated  with 
air,  and  worn  round  the  upper  part  of  the  body.  Life-boats  or 
safety-boats,  as  they  are  sometimes  called,  are  rendered  buoyant 
Jj)y  forming  in  their  sides  air-tight  cells  or  lockers,  of  suflicient  di- 
mensions to  prevent  the  boat  from  sinking  even  when  every,  other 
part  of  it  is  filled  with  water.  It  has  recently  been  proposed  to 
extend  this  principle  to  vessels  of  any  size,  and  thus  to  prevent 

What  objection  exists  to  ihe  use  of  oork  jackets  and  similar  expedients 
to  increase  the  buoyancy  of  the  body  when  learning  to  swim. 

What  use  may  be  made  of  the  swimming  board  while  learning  the  art? 

Explain  the  construction  and  use  of  the  girdle  employed  for  the  same 
purpose. 

now  are  life-bosts  made  ineapfthlt:  of  sinking  P 
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heavy  laden  merchant  ships  or  men  of  war  from  fonnderiog  at  sea. 
The  scheme  consists  in  the  employment  of  copper  tabes  of  a  cy- 
lindrical form,  hermetically  closed  at  the  ends  ana  sofficiently  large 
and  numerous  to  contain  as  much  atmospheric  air  as  would  cause 
a  ship  to  swim,  when  in  consequence  of  having  sprun?  a  k»k  it 
would  otherwise  sink.  It  is  stated  by  the  inyentor  of  uiese  safety 
tubes,  Mr.  Ralph  Watson,  that  an  eighty-gun  ship,  even  when  im- 
mersed from  leak,  would  not  require  the  application  of  such  tubes 
to  a  greater  extent  of  displacement  of  water  than  would  be  suffi- 
cient to  support  340  tons  of  its  immense  wei^t. 

101.  Fishes,  in  general,  are  provided  by  nature  with  a  peculiar 
apparatus,  which  enables  them  to  swim  with  the  utmost  fiicility, 
and  to  ascend  close  to  the  surface  of  the  water,  or  descend  to  a 
considerable  depth  beneath  it,  by  means  of  a  membranous  bag  or 
bladder  containing  air,  which  they  can  distend  or  contract,  and 
tikns  alter  their  specific  gravity  according  to  circumstances.  Hie 
toed  fish  it  is  said  dist^ds  its  stomach  by  swallowing  air,  to  as- 
nst  it  in  swimming,  and  becomes  puffed  up  like  a  blown  bladtiac, 
in  the  same  manner  as  the  g^obe  or  balloon  fish. 

102.  An  experiment  has  been  previously  related  exhibiting  the 
effect  of  the  pressure  of  water  upward  in  supporting  a  plate  of 
metal,  in  contact  with  the  lower  extremity  of  an  open  cylinder, 
from  which  it  may  be  inferred  that  solids  of  the  hi^est  specific 
gravity,  as  gold  or  platina,  may  be  made  to  float  on  water  or  any 
other  uquid,  provided  the  floating  body  be  of  such  a  form  that  its 
upper  sur&ce  may  be  protected  m>m  the  pressure  of  the  liquid  by 
a  column  of  air,  the  depth  of  which  bears  a  certain  proportion  to 
the  specific  gravity  of  the  solid.  It  is  thus  that  a  china  tea-cup, 
though  mu(3i  heavier  than  an  equal  bulk  of  ¥rater,  will  yet  float 
on  that  liquid  if  placed  in  it  with  its  cavity  upwards  and  empty ; 
but  on  pouring  water  into  it,  the  cup  will  descend  in  consequence 
of  the  air  wiuin  its  cavity  being  displaced  by  the  heavier  fluid ; 
till  at  length,  when  so  much  vrater  has  been  poured  in  as  to  ren- 
der the  cup  and  ¥rater  together  heavier  than  a  quantity  of  water 
equal  to  the  space  the  cup  occupies  when  immersed  to  its  edge, 
it  will  sink  to  the  bottom. 

103.  A  raft  will  float,  because  it  is  absolutely  lighter  than  water, 
and  a  life-boat  also  for  the  same  reason ;  but  vessels  in  general, 
firom  the  cock-boat  to  the  largest  man  of  war,  owe  their  buoyancy 
to  their  concave  form.  Hence  ships  need  not  be  built  of  fir  or  any 
light  wood,  since  not  only  the  heaviest  woods  might  be  used  but 

How  are  Wataon*i  nfetj. tubes  to  be  applied  for  the  lecaritj  of  veneli 
at  tea? 

To  what  !•  the  power  of  vertical  movement  in  fiafaea  attribatable  ? 

How  maj  the  heaviest  of  metalt  be  made  to  float  oo  the  lightest  of  li 
quids? 

What  ouantitjr  of  water  will  it  be  neeessary  lo  pour  into  a  floating  ba 
tin  in  order  to  sink  it  to  the  water's  edge  ? 

How  ii  the  floating  of  a  rsA  to  be  expUined  ? 
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even  the  heaviest  metals,  to  constnict  floating  vessels ;  and  indesd 
steam  boats  made  of  sheet  iron  have  recently  been  tried,. and  foimd 
to  possess  the  requisite  properties  for  plougliing  the  waves  with 
perfect  facility  and  safe^. 

104.  Floating  bodies  maj  be  employed  to  raise  heavy  substan- 
ces from  the  bottom  of  a  nver,  pond,  or  basin  of  water.  Tims  a 
sufficient  number  of  air-tight  casks  might  be  attached  by  ropes  or 
chains  to  a  large  block  of  granite  at  the  bottom  of  a  river  near  its 
entrance  into  the  sea,  and  the  ropes  b«ng  adjusted  to  such  a  length 
as  to  keep  them  strained  tightly  by  the  buoyancy  of  the  casks  at 
the  lowest  ebb  of  the  tide,  the  block  would  be  raised  by  the  up- 
ward pressure  of  the  casks  at  high  water.  Perhaps  this  method 
of  raising  or  lowering  ponderous  masses  of  stone  mig^t  be  advan- 
tageously applied  to  practice  in  building  bridges  or  piers  withis 
the  tide-way  of  a  river. 

105.  The  common  method  of  regulating  the  supply  of  watflr 
conveyed  by  pipes  into  a  dstem  by  means  of  what  is  called  alnB- 
cock,  depeiuis  on  the  action  of  a  hollow  globe  of  such  dimensioBB 
relatively  to  the  thickness  of  the  metal  as  to  keep  it  always  float- 
ing on  the  tqi  of  the  water  in  the  cistern.  A  long  wire  is  con- 
nected with  the  ball  at  one  end,  and  at  the  other  with  a  valve  or 
stop-cock,  on  which  it  a<^  as  a  lever,  opening  it  when  the  loB|r 
arm  of  the  lever  is  allowed  to  descend  by  the  sinking  of  the  baU 
attached  to  tiiat  end,  when  the  water  &lls  in  the  cistern,  and  on 
the  contrary  closing  the  valve,  when,  by  the  rising  of  the  ball  with 
the  water,  the  dstem  becomes  full,  and  the  lever  presses  on  tiis 
valve  or  cock  and  keeps  it  shut,  so  that  &e  cistern  can  never  be 
filled  beyond  the  proper  height. 

106.  The  power  oi  floating  bodies  mvj  also  be  applied  inadif' 
iereut  manner  to  the  purpose  of  rendenng  buo3rant  other  bodies 
attached  to  them ;  and  amon^  the  various  applications  of  this  prin- 
ciple may  be  noticed  the  ing^mous  invention  called  the  water-camel, 
used  in  Holland  and  also  in  Russia  and  at  Veniee,  to  entile  large 
and  heavy  laden  ships  to  pass  shoals  or  sand-banks.  Tlie  method 
of  effecting  this  object  consists  of  the  si^pplication  of  two  long 
narrow  vessels  adapted  to  the  sides  of  the  ship,  and  being  hollow 
and  water-tight  they  are  filled  with  water,  and  then  letdown,  and 
firmly  secured  on  each  side  of  the  ship,  after  which  the  water  is 
to  be  pumped  out  of  them,  and  the  whole  mass,  consisting  of  the 
shh)  and  camel  is  thus  rendered  specifically  lighter  than  before, 
and  drawing  less  water  than  the  ship  alone  did  previously, 
the  shoal  or  sand  bank  may  be  passed  without  danger  of  ground- 
ing. 

How  does  It  diflTer  from  that  of  an  iron  tteamboat? 

To  what  aKfiil  parpow  may  the  prineiple  of  floatation  be  applied  la 
eonnexion  with  submarine  operations  ? 

In  what  manner  is  the  same  prineiple  applied  to  regolate  flie  aeeets  of 
water  to  a  cistern  ? 

Explain  the  construction  and  use  of  the  water-eamel  ? 
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107.  The  tendency  of  a  floating  body  to  assume  a  particular 
position  when  partly  immersed  in  a  liquid,  and  to  retain  or  lose 
that  position  accor£n^  to  circumstances,  may  be  elucidated  by 


at  which  the  absolute  weight  of  the  body  is  exactly  counter- 
balanced by  the  upward  pressure  of  the  water.  The  point  at 
which  the  entire  weip^ht  of  a  body  acts  with  greatest  effect  must 
Ve  its  centre  of  gravity ;  and  that  point  at  which  the  sustaining 
efforts  of  the  liauid  are  most  effective  may  be  termed  the  centre 
of  buoyancy,  wnich  must  evidently  coincide  with  the  centre  of 
gravity  of  the  portion  of  water  displaced  by  the  floatinor  body ;  and 
if  the  body  be  of  uniform  structure  with  the  centre  of  gravity  of 
that  part  of  it  which  is  under  water.  A  floating  body  cannot 
maintain  itself  in  a  state  of  equilibrium,  ujnless  its  centre  of  gra- 
vity be  situated  in  a  vertical  hoe  over  its  centre  of  buoyancy,  or 
immediately  under  that  point  In  the  former  case  it  will  be  in 
the  state  of  instable  equilibrium,  and  in  the  latter  in  that  of  stable 
equilibrium,  f 

108.  Hence  the  necessity  of  placing  iron  bars,  stones,  or  other 
heavy  substances  in  the  hold  of  a  ship  by  way  of  ballast  when  it  is 
not  freighted,  or  is  laden  with  venr  light  merchandize,  in  order  that 
its  centre  of  gravity  may  not  be  elevated  too  much  above  its  centre 
of  buoyancy.  It  is  not  requisite  that  the  centre  of  gravity  should 
be  reduced  below  the  centre  of  buoyancy,  for  though  such  a  dispo- 
rition  would  contribute  to  the  stability  of  the  vessel,  the  resist- 
ance to  its  passa^  through  the  waves  would  be  so  ^cat  as  to 
make  it  sail  heavily.  In  determining  the  proper  situation  of  those 
points  rerard  must  be  had  to  the  shape  and  dimensions  of  a  ves- 
sel as  well  as  to  the  nature  of  the  cargo  or  lading,  and  the  manner 
of  stowing  it ;  and  on  a  due  attention  to  these  circumstances  its 
security  and  rate  of  sailing  must  in  a  great  measure  depend. 

109.  llie  methods  adopted  for  ascertaining  the  specific  gravities 
of  bodies  are  founded  on  the  relation  between  bulk  or  dimension, 
uid  weight,  which  may  be  determined  by  various  operations, 
according  to  the  nature  of  the  several  substances,  whether  solid, 
liquid,  or  gaseous,  to  which  they  are  applied.    The  relative  den- 

What  takes  plaee  in  regard  to  the  centre  of  g^Titjr  of  a  floating  body  f 

How  deep  will  such  a  body  when  specifically  lighter  than  water  always 
link  in  the  liquid  } 

What  name  is  gWen  to  the  point  at  which  the  whole  buoyancy  of  the  li« 
quid  ntay  be  conceired  to  be  concentrated  f 

Wliat  will  be  the  relative  position  of  the  centre  of  gi^avitjr  and  of  the 
centre  of  buoyancy  of  a  body  floating  at  rest  on  the  surface  of  water  ? 

Why  are  heavy  articles  stowed  in  the  hold  rather  than  on  the  deck  of  a 
Tcsscl  ? 

—  • 

•  Sec  Mechamct,  Nos.  125—133.  t  Ibid.  137— Ul. 
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sity  of  different  solids  may  be  discovered  by  simply  weighing  a 
cubic  inch  of  each ;  but  unless  the  process  of  measurement  and 
that  of  weighing  are  both  executed  with  scrupulous  accuracy  the 
result  must  be  uncertain,  and  the  former  of  these  operations  at 
least,  must,  in  many  cases,  be  difficult,  and  in  some  impracticable. 
Hence  the  meUiod  adopted  by  Archimedes  is  to  be  preferred,  and 
it  may  be  improved  bv  merely  weighing  the  subject  of  the  ex]>eri- 
ment  first  in  air  and  then  in  water,  and  noting  the  loss  of  weiffht 
that  takes  place  in  the  latter  case,  as  that  must  be  equal  to  me 
weight  of  the  water  displaced  by  the  substance  under  examina- 
tion. 

110.  On  this  principle  is  constructed  the  hydrostatic  balance, 
which  may  be  used  to  determine  the  specific  gravity  of  Uqiiids, 
as  well  as  that  of  solids.  For  this  purpose  a  ^lobular  or  egg- 
shaped  mass  of  glass  or  crystal  must  be  suspended  by  a  hair  or 
fine' silk  thread  from  a  hook  at  the  bottom  of  one  of  the  scales  of 
an  accurate  balance,  and  its  weight  is  then  to  be  ascertained  fiist 
in  the  air,  next  in  distilled  water,  and  lastly  in  the  fluid  whose 
specific  gravity  is  required ;  then  by  deducting  the  loss  of  weight 
of  the  ^lass  in  water  from  the  loss  observed  when  it  was  weighed 
in  the  liquid,  the  specific  ^vity  of  the  latter,  with  reference  to 
that  of  water,  will  be  obtained.  By  using  a  glass  globe  of  such 
dimensions  as  to  lose  1000  grains  in  water,  its  loss  of  weight  in 
any  liquid  would  at  once  indicate  the  specific  gravity  of  that 
liquid. 

111.  Insoluble  solids  denser  than  water  are  easily  subjected  to 
experiment;  but  any  insoluble  solid  body,  which  is  specifically 
lighter  than  water,  requires,  in  order  that  its  specinc  gravity 
should  be  ascertained,  the  addition  of  some  heavier  substance,  so 
that  the  joint  mass  may  be  made  to  sink  in  water ;  then  its  weight 
in  air  and  in  that  liquid  respectively  being  determined,  the  specific 
gravity  of  the  lighter  solid  will  be  the  difference  between  the 
weight  of  the  heavier  body  in  water  alone,  and  that  of  tl^  Joint 
mass,  deducted  firom  the  di^erence  of  their  weight  in  air.  Solid 
substances,  soluble  in  water,  such  as  salts,  may  have  their  spe- 
cific gravity  ascertained  by  weighing  them  in  alcohol,  or  some 
other  liquid  which  will  not  dissolve  them,  and  their  specific  gra- 
vity, water,  being  the  standard,  may  be  found  by  computation; 
or  they  may  be  weighed  in  water  after  being  defended  from  its 
action  by  coating  them  thinly  with  melted  bees-wax. 

What  are  some  of  the  methods  of  determining  the  speeifio  gravity  of 
bodies  } 

What  is  the  construction  of  the  hydrostatic  balance,  and  bow  is  it  ap> 
plied  to  this  purpose  ? 

What  method  is  it  necessary  to  adopt  in  ascertaining  the  specific  gravity 
of  solids  lighter  than  water  ? 

How  can  wc  take  the  specific  gravity  of  solid  bodies  which  are  soluble 
in  water?    , 


f^    .  ,':•  \.  -"V- 


CAPILLAllT   ATTRACTION.  16^ 

113.  The  most  asaa)  and  convenient  method  of 
ascertaining  the  specific  gravities  of  liquids  is  by 
means  of  a  hydrometer.  This  instrument,  as  re- 
presented in  the  margin,  consists  of  a  hollow  glass 
ball  B,  with  a  smaller  ball  of  metal  C,  appended 
to  it,  and  which,  from  its  superior  weight,  senres 
to  keep  the  instrument  in  a  vertical  position,  to 
whatever  depth  it  may  be  immersed  in  a  liquid. 
From  the  large  ball  rises  a  cylindrical  stem  A  D, 
on  which  are  marked  divisions  into  eaual  parts ; 
and  the  depth  to  which  the  stem  will  siinc  in  water, 
or  any  other  liquid  fixed  on  as  the  standard  of  spe- 
cific ^vity  being  known,  the  depth  to  which  it 
sinks  m  a  liquid  whose  specific  gravity  is  required 
will  indicate,  by  the  scale,  how  much  greater  or 
less  it  is  than  that  of  the  standard  liquid. 

Capillary  Mradion, 

113.  Liquids  are  distinguished  by  the  property  of  preserving 
evel  suftaee  when  at  rest,  and  rising  to  the  same  height  in  any 
mber  or  vmiiety  of  communicating  tubes ;  an  efifect  resulting 
«a  the  joint  action  of  the  cohesion  of  their  particles  and  the  in- 
ence  of  universal  ^vitation.  But  there  are  certain  circum- 
inoes  in  which  liquids  may  be  placed,  in  consequence  of  which 
»  phenomena  will  be  remarluuily  modified,  and  a  pordon  of  a 
nid  mass  may  rise  iar  above  the  common  level,  and  preserve  its 
ivatioo,  as  if  exempt  from  the  power  of  gravi^.  Water  may 
made  to  rise  perpendicularly  to  a  great  height  in  an  exhausted 
>e ;  and  even  mercury,  one  of  tiie  heaviest  of  fluids,  may  be 
m  to  ^  elevated  in  die  same  manner  in  a 'barometer  tube  29 
30  indies  above  the  level  of  the  liquid  in  the  basin,  into  which 
)  open  end  of  the  tube  is  plunged.  But  in  these  cases,  as  we 
ill  aubseqnently  show,  the  innoence  of  gnravitatioa  is  distinctly 
reeptiHle,  and  the  liquids  rise  in  eidianstea  tubes,  in  consequence 
piwnmaidc  pressure.* 

114.  There  is,  however,  another  ease  in  which  liquids  rise  above 
$ir  common  suiface  level,  not  being  inclosed  in  exhausted  tubes, 
t  in  tubes  open  at  both  ends,  or  b^ween  solid  plates  nearly  in 
itact.  This  phenomenon  is  styled  CapiOarity,  and  is  said  to  be 
ised  by  Capillary  Attraction.j*    Instances  ^  the  operation  of 

low  are  the  ipedfie  gravitiet  of  laqjoid  snibstaiice*  tommomlj  ascer- 

icd  ? 

i^ptaUn  tlie  cofwtruetion  of  the  bjArometer  T 

n  what  maimer  amy  water  be  made  l»  rise  above  the  g^cneral  level  of 

nia«s? 

s  the  cnchaastlon  «f  tubes  in  all  cases  neeessary  to  pro^ce  that  effect  ? 

7o  wbat  pheMMAeiMNi  i«  the  term  cafillaritj  applied  ? 

See  an  aecomit  ef  ike  Barometer,  in  Treatise  on  J^tetfrnaiie*, 
From  cabittn*^  a  luiir,  or  capiOantf^  hair-like,  in  TcCev^tMM  Vi^  ^^ 
kU  bore  ol  tnhea  which  ptwJuce  tJbKe  effeclft. 
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this  principle  are  constantly  takina^  place  arotind  us,  and  tkoagli 
highly  interestinflr,  they  are  overlooked  by  common  observera. 
If  a  slice  of  stale  bread  an  inch  square,  and  three  or  four  in 
length,  be  held  perpendicularly  with  one  end  immersed  in  a  small 
quanti^  of  water  or  milk,  the  liquid  will  ascend  through  the  pores 
Of  the  bread  till  it  is  entirely  absorbed,  and  if  there  is  a  sufficient 

?uantity  of  it,  the  bread  will  become  saturated  with  the  moisture* 
n  the  same  manner  water  or  any  aqueous  fluid  will  ascend  and 
spread  through  a  lump  of  sugar  or  a  heap  of  sand,  if  the  base  of 
either  be  immersed  in  the  liquid. 

115.  Tubes  of  glass  having  a  veiy  small  bore,  and  tfaerefors 
called  capillary  or  hair-like,  if  dipp^  a  little  way  beneath  the  sur- 
face of  water,  will  cause  the  liquid  to  ascend  to  a  height  bearing 
a  certain  relation  to  the  diameter  of  the  tube.  If  that  diameter 
be  1-50  of  an  inch,  water  will  rise  to  2i  inches ;  if  it  be  but  1-100 
of  an  inch,  it  will  rise  5  inches ;  and  so  on  in  the  inyerse  ratio 
of  the  diameter  of  the  tube.  Similar  effects  may  be  exhibited  by 
means  of  two  plates  of  glass,  placed  as  represented  in  the  margin 
in  a  shallow  vessel  of  water,  so  that  their  edges  on  one  side,  A  C, 

j^^  may  be  in  contact,  and  the  other 
"  B  D  and  E  F,  somewhat  separated* 
The  liquid  will  then  rise  between 
the  plates,  standing  highest  on 
that  side  where  they  most  nearly 
approach,  and  gradually  declining 
towards  the  sides  that  are  separated, 
the  upper  surface  of  the  elevated 
portion  of  the  fluid  forming  the 
curve  F  G  H,  the  height  of  the  li- 
quid at  any  point,  as  H,  being  great- 
er in  proportion,  as  it  is  nearer  to  the  side  of  the  plates  A  C. 

116.  It  is  in  consequence  of  capillary  attraction  that  a  sponge 
imbibes  water,  blotting  paper  absorbs  ink,  or  that  oil  arises  ami&t 
the  fibres  of  the  cotton-wick  of  a  lamp.  These  effects  are  mani* 
festly  owin?  to  a  common  cause,  and  we  learn  from  experiment 
that  it  is  only  under  certain  conditions  that  they  take  place.  Thus, 
all  liquids  will  not  rise  to  the  same  height  in  the  same  tube,  for 
water  will  rise  higher  in  a  capillary  ?lass  tube  than  alcohol«  and 
neither  of  these  liquids  will  rise  at  all  in  the  finest  metallic  pipe, 
nor  in  a  glass  tube,  if  the  inside  of  it  be  greasy.  Mercury,  on  the 
contrary,  will  not  rise  in  a  clean  glass  tube,  especially  if  it  be 
wetted ;  while  it  becomes  elevated,  when  the  Inside  is  lined  with 
a  very  thin  film  of  bees-wax  or  tallow, 

117.  Some  remarks  have  been  elsewhere  introduced,  relative  to 

From  what  exhibition  of  the  principle  is  its  name  derived  } 

How  may  the  progressive  increase  of  eapillarj  attraction  be  ezpcri« 

mentally  exhibited  ? 
Is  the  same  amount  of  capillary  attraction  exhibited  by  a  solid  towards 

mJI  sorts  of  I i quids  f 
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he  effect  of  cohesive  attraction  on  the  particles  of  liquids,  cans- 
^  them  to  assame  a  |flohalar  iiffure,  and  on  the  modifications 
iroduced  hy  the  attraction  of  solids  with  which  the  liquids  may 
lome  in  contact.*'  It  is  on  the  joint  operation  of  these  causes 
mder  particnlar  circnmstances  that  the  pnenomena  of  c^illarity 
ppear  to  depend.  It  is  foond  from  ohserTation  that  when  fluids 
lie  in  capillary  tahes,  the  surfaces  are  concave  or  depressed  in 
h»  centre ;  and  on  the  contrarr,  when  the  fluids  do  not  rise,  they 
iiTe  convex  surfaces,  or  stand  hishest  in  the  middle.  These  er- 
ects are  manifestly  owingf,  in  the  first  case,  to  the  superiority  of 
he  attraction  between  the  liquid  and  the  tube  over  that  between 
he  particles  of  the  former ;  and  in  the  second  case,  to  the  in- 
eriority  of  the  former  attraction  compared  with  the  latter.  Hence 
ilso  if  water  be  poured  into  a  glass  tumbler  it  will  rise  somewhat 
It  the  edges,  while  mercury  poured  into  the  same  vessel  would 
i»e  depressed  at  the  edges.-]- 

On  what  eautea  do  the  phenomena  of  capillary  attraction  depend  ? 
What  mirfiicea  do  liqoidc  in  tubec  ordinarily  preaent  ? 
What  eauiec  the  diTenitj  in  thic  caw  ? 

•  See  No.  5  of  diic  treatite. 

t  See  Journal  of  tiie  Franklin  Inttitnte,  vol.  xir.  p.  147,  for  lome  Infe- 

mu  experimenU  on  capillary  attraction,  by  Mr.  J.  W.  Draper.— Eb. 


)} 


The  following,  among  other  treatises,  may  be  profitably  con- 
ndted  in  regard  to  this  much  of  philosophy,  and  will  generally, 
perhaps,  be  attainable  without  much  difficulty  by  the  American 
teaeher. 

Cambridge  Mechanics,  by  Prof.  Farrar,  p.  389 — 368. 
Fischer's  Elements,  p.  83 — 111. 

Playfair's  Outlines  of  Natural  Philosophy,  vol.  i.  p.  168 — 193. 
Gregory's  Mechanics  for  Practical  Men,  Philad.  edit.  p.  384— 

Library  of  Useful  Knowledge— Treatise  on  Hydrostatics. 

Robinson's  Mechanical  Philosophy,  vol.  ii.  ^ 

Edinburgh  Eneyelopedia,  article  Hydrodynamica, 

Hydrodynamique,  Bossnt. 

Hydrodynamique,  Prony. 

Traits  ie  Physique,  par  Biot,  vol.  i.  chap.  33. 

Mecaniqne  Cfeleste,  translated  by  Bowditch,  book  10. 
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1.  Whk9  die  e<|iiilibriiiBi  arisiBtf  firom  tbe  wmglit  and  eooa^ 
qnait  piiMun  of  blinds  is  distamd,  motiiA  will  take  plaee ;  ml 
die  laws  by  which  it  is  leealated  are  the  same  with  Ihoee  whidi 

STeni  the  moiioii  of  solid  bodiea.  Hie  Tdoeit^  of  flowing  walef| 
»  that  of  felling'  bodiea,  depends  oo  eia^tatiTe  attraction,  aid 
is  to  be  estimated  on  the  same  principleB;  and  the  phenomeaft 
ezhihited  hy  jets  of  water,  or  otner  apontiiig  liquids,  are  anil<»- 
gooa  to  those  displayed  hy  solida  projected  dmragh  the  air,  As 
efiects  in  both  casea  depending  on  the  operation  of  similar  canses. 
S.  Amoof  the  cirenmstances  which  influence  the  motions  of 
liquids,  one  of  the  most  important  is  the  wdght  of  the  air,  pio- 
dncing  atmospheric  pressme ;  and  to  this  force  the  most  powerliil 
and  useful  machines  for  raisinff  water  chiefly  owe  their  emcieney. 
Such  are  the  Tarious  kinds  of  pumps,  fiie-enjiriiiea,  and  siphons, 
which  are  rather  to  be  consideied  as  pnenmaUe  than  aa  hydraalifl 
machines,  resembling  in  their  mode  of  action  the  barometer  snd 
the  common  syringe ;  their  construction  and  effects  majr  thoi^ 
fore  be  most  aidTantaffeously  iuTcstigated  and  explained  in  tmtf 
ing  of  pneumatics.  Indeed  that  brandi  of  hydrostatical  aeaeB6B| 
which  relates  to  the  motion  of  liquids,  is  so  intimately  cooneetad 
wiih  the  theory  of  motion,  as  applicable  to  all  fluids,  whetha 
liquid  or  gaseous,  that  in  a  systematic  treatise  the  subjects  could 
not  with  propriety  be  separated. 

3.  At  present,  we  shall  confine  our  attention  to  the  effects  of 
the  motion  of  liquids  on  different  parts  of  connected  masses,  m 
-on  solids  with  which  tbey  may  come  in  contact ;  and  afterwaidi 
briefly  notice  the  construction  and  mode  of  action  of  those  msf 
chines  whose  power  depends  on  the  wei^t  or  pressure  of  flowing 
liquids,  or  on  the  pressure  or  impact  of  liquids  on  solid  bodies. 

4.  In  consequence  of  the  imperfect  cohesion  of  their  constituenl 
particles,  liquids  present  some  peculiar  appearances,  when  tbey 
fall  through  the  influence  of  gravitation.  A  continuous  solid  mass 
will  always  remain  at  rest  while  its  centre  of  gravity  is  supported; 
thus  it  may  be  sustained  by  net-work*  or  suspended  by  a  line,  aa 
securely  and  steadily  as  if  it  were  inclosed  on  all  sides ;  but  an 
unconnected  mass,  as  a  heap  of  sand,  can  have  no  common  centre 
of  ^vity,  and  therefore  to  preserve  its  stability  every  separate 
grain  must  be  supported.  Water,  or  any  similar  liquid,  in  order 
to  keep  it  in  the  state  of  equilibrium,  requires  support  even  to  a 
greater  extent  than  a  disintegrated  solid,  or  powder ;  for  such  ia 
tiie  peculiar  attraction  existing  between  the  particles  of  a  liquid, 

What  laws  regulate  the  motions  of  liquidi  f 
On  what  does  the  veloei^  of  flowing  water  depend  f 
What  oiroumatanee  modifies  the  motions  of  liquids? 
Under  what  two  general  divisions  may  liquid  motions  be  examined  ? 
What  peouliaritj  is  presented  bj  liquids  when  falliog  in  obedienee  to 
fniritatloii  ? 
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that  unless  the  whole  mass  be  supported  laterally  as  \«e.l  as  at 
the  base,  it  will  spread  on  that  siae  where  the  preRsure  is  with- 
drawn till  every  part  has  attained  a  common  level.  This  property, 
and  its  effects  in  producing  pressure  in  liquids  at  rest,  have  been 
ilready  noticed,  uid  those  which  are  exhibited  by  flowing  liquids 
lie  now  to  be  developed. 

5.  When  water  contained  in  a  deep  vessel  is  suffered  to  escape 
fiom  an  aperture  in  the  bottom,  it  flows  in  a  continued  stream, 
formed  by  the  pressure  of  the  liquid  acting  against  that  point  from 
which  the  support  has  been  wi&drawn.  The  combined  effect  of 
the  hydrostatic  pressure,  and  the  cohesion  of  the  particles  of  the 
watery  fluid  causes  various  movements  in  the  flowing  stream, 
which  may  be  accurately  observed  by  using  a  glass  jar,  and  mix- 
ing with  the  water  some  very  small  pieces  of  amber,  or  sealing- 
wax,  the  specific  gravity  of  which  exceeding  tteit  of  water  but  in 
a  trifling  degree,  3iey  will  be  carried  down  with  the  current,  and 
exhibit  its  internal  motions. 

6.  The  annexed  fi^re  will  serve  to  show  the  man- 
ner in  which  the  liquid  descends,  at  first  in  horizontal 
strata,  and  afterwards,  when  a  portion  has  escaped, 
the  surface  becomes  depressed  in  tlie  centre,  till 
at  length,  when  it  approaches  the  bottom,  it  as- 
sumes the  form  of  a  funnel,  or  hollow  inverted 
cone,  which  it  retains  till  the  vessel  is  nearly 
emptied.     If  tlie  aperture  be  made  in  the  side  of 
the  vessel,  and  close  to  the  bottom,  the  same  ap- 
pearances may  be  observed,  with  the  exception  of 
the  hollow  cone,  which  in  this  case  does  not  occur,  the  liquid  re- 
maining level  at  the  surface  till  it  sinks  down  to  the  orifice.     As 
the  common  direction  of  the  particles  of  the  descending  liquid  is 
towards  a  central  point,  indicated  by  the  course  which  the  floating 
fragments  of  sealin^wax  take  towards  the  aperture,  the  stream  must 
hec^me  compressed,  and  consequently  somewhat  contracted  at  that 
point.     Its  situation  depends  much  on  the  size  of  the  aperture ; 
md  when  that  is  very  small,  and  the  side  of  the  vessel  in  which 
it  is  pierced  extremely  thin,  the  greatest  contraction  of  the  jet 
will  take  place  at  the  distance  of  about  half  the  diameter  of  the 
orifice  beyond  it ;  and  at  that  point  the  diameter  of  the  liquid  vein 
will  be  to  the  diameter  of  the  orifice  nearly  in  the  proportion  of  5 
to  8,  whatever  be  the  height  of  the  liquid  in  the  vessel  from  which 
it  flows.    This  contraction  of  the  liquid  vein  may  be  equally  ob- 
served when  the  discharge  takes  place  from  an  aperture  in  the 
side  of  a  vessel,  and  likewise  when  the  liquid  is  projected  verti- 
cally upwards,  as  in  jets^eau. 

What  force  projects  and  maintains  the  continued  stream  of  water  flow- 
ing from  a  det*p  ressel  ? 

How  may  the  interior  motions  in  sach  a  vessel  be  rendered  apparent  ? 

What  appearance  on  the  exterior  of  an  orifice  results  from  the  inter- 
ference or  the  particles  of  liquid  seeking  the  outlet  ? 

Within  what  limits  does  the  contracted  vein  appTOaeVi  tihe ^\MSA\jet  ^ 
(he  orifice? 
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7.  The  point  of  greatest  contraction  in  a  Btream  of  fiowlaf 
water,  or  of  any  other  liquid,  must  manifestly  be  also  the  poial 
where  it  has  the  greatest  velocity,  as  it  is  there  that  the  hydr^ 
static  pressure  acts  with  greatest  effect.  In  estimating  the  vekh 
city  Ota  liquid  issuing  from  an  aperture  in  the  side  or  Uie  bottoa 
of  any  vessel,  it  will  he  found  to  depend  on  the  vertical  height  cf 
the  water  within  the  vessel ;  and  in  every  case  it  will  be  equal  t» 
the  velocity  that  a  body  would  acquire  in  falling  through  a  spaee 
equal  to  that  height.  Hence  it  cannot  be  unifor  n  unless  ths 
water  is  supplied  as  f^i  as  it  is  discharged,  and  thus  kept  always 
at  the  same  level. 

8.  Suppose  two  vessels,  one  of  which  is  5  inches  in  height,  and 
the  other  20  inches,  to  be  filled  with  water,  each  having  a  ciicn- 
lar  orifice  at  the  bottom  1-5  of  an  inch  in  diameter,  if  both  be  ope»» 
ed,  and  the  vess^^cept  constantly  full  by  a  supply  of  water  abow^ 
the  taller  vessel  will  discharge  about  31  ounces  of  water  in  a 
quarter  of  a  minute,  and  the  shorter  vessel  about  11  ounces  in 
the  same  space  of  time.  Thus,  estimating  the  relative  velocity  of 
the  stream  in  the  two  vessels  by  the  quantities  dischargod  by  eai^ 
in  a  given  time,  that  of  the  stream  from  the  taller  vessel  will  be 
to  that  from  the  shorter,  as  2  to  1,  nearly ;  and  the  velocities  wonU 
be  exactly  in  that  ratio,  but  for  the  effect  of  friction  between  the 
particles  of  the  liquid  and  the  sides  of  the  vessel,  and  the  reuit' 
ance  of  the  air,  which  proportionally  diminish  the  dischaige  flan 
the  taller  vessel  somewhat  more  than  that  from  the  G^ortar  one. 
Now  taking  the  velocities  as  2  to  1,  the  heiffht  of  the  taller  vessd 
beinjgr  to  that  of  the  shorter  as  4  to  1,  it  will  appear  that  the  velo- 
city m  eitlier  case  is  as  the  square  root  of  the  height  of  the  colnma 
of  liquid  in  the  respective  vessels ;  for  1  x  1  =  It  snd  3x9  »  4, 

9.  It  may,  therefore,  be  generally  statcMi,  that  independently  oi 
ihe  irregularities  occasioned  by  friction  and  other  causes,  the 
maximum  velocity  with  which  a  liquid  flows  from  an  s^rture  ia 
the  side  or  bottom  of  a  vessel  will  be  as  the  square  root  of  the 
depth  of  the  vertical  column  within  the  vessel.  Hence  the  velo- 
city of  a  flowing  liquid  depending,  like  that  of  a  falling  body,  on 
gravitation,  it  follows  that  a  stream  issuing  four  feet  below  the 
surface  of  a  liquid  mass  will  have  double  the  velocity  of  one  issu- 
ing at  1  foot  below  the  surface ;  at  the  depth  of  nine  feet  the  velo- 
city will  be  treble,  at  16  feet  fourfold,  at  25  feet  fivefold,  and  so 
on  in  proportion  to  the  depth  of  the  aperture  below  the  surfiice. 
It  must  be  recollected  that  these  comparative  estimates  are  to  be 
regarded  as  results  deduced  from  the  influence  of  gravitatioa 
alone,  therefore  in  practice  allowance  must  be  made  for  the  effeet 
of  friction  and  atmospheric  resistance,  and  the  dimensions  and 
form  of  the  aperture  must  likewise  be  attended  to  in  making  expe- 
riments and  calculations. 

In  what  part  of  a  jet  will  the  greatest  velocity  necessarily  be  found  f 
On  what  circumstance  does  the  velocity  of  issuing  correnU  depend  ? 
Why  does  not  the  ranlditv  of  ftowine  lianids  correspond  exactly  vith 
die  tqaare  roots  of  the  heigW,  or  Ve«iA»  <rt  yr«%«9Li-e  ? 
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;  appeara  tba) 


ndudiaigad 
degroescTpi 


a  calenWioii.    ilia  foUowiog  table*  of  dieoivtical  aad 
)  ioeh  lo  diametM 


iwiBS  table* 


ofpieianre,  ia  far  lesa  than  might  be  ii»- 

TTie  fWlowia--"  "    '  ■' ' 

diacharges  tfarougti  oinnilaT  ei 
ilj  exMnpliff  tluB  piindple. 
'Ibc  liquid     Compotcd  diaelurge  per    Actiul  diicliar^     Per 
M  OriuKi       lainnt*,  la  enbia  lacbBi.  per  miiiDLe.  et. 

Ibot        •        -  4497         •        -        3819      -      63,6 

bet  -  -  10198  •  •  6377  -  C3,0 
leet  -  -  14317  -  -  8B60  •  G1,B 
bM  -  -  17SaS  •  •  10831  •  61,1 
he  pliMicniMBB  uhlbited  by  spouliiig  liqaids  when  the 
b  dueotad  ratieally  npwsrda,  ora  eqi;^^  with  those  of 
bg  euTcento  under  the  isfiaeiKe  of  giantalion ;  aad  aa 
RJeMed  perpeodiealailjr  in  the  air  rise  to  a  height  equal  lo 
a  wkiek  they  nnat  hare  deacended,  to  acquire  the  velocity 
Ml  they  were  {Hi>p«Ued,t  io  liquid*  apontiag  from  a  ahorl 
•ctad  opwarda,  rise  to  ■  height  equal  to  thai  of  the  liquid 
hj  the  prenoie  of  whioh  they  Were  ejected.  In  the  mar- 
-~e  let  A  rapTBaeot  a  cistwn  filled  with  water  at  the  oon- 
Uent  height  B  C,  then  if  four  bent  pipes 
"  D,  E,  F,  G,  be  inserted  at  different  dis- 
lacteea  below  die  surface,  the  jets  will 
all  rise  to  nearly  the  same  level,  that  of 
the  line  B  C.    The  resistance  of  the 


Btmoaphere  and  the  mutual  friction  be- 
tween the  particles   of  the  ascending- 


current,  boui,  howoTer,  i 
force,  no  that  it  is  only  when  the  orifices 
of  tl»  pipee  are  extremely  small  that 
the  etevation  of  the  jeta  becomes  ooD' 
a  ralatively  to  the  hydroatatie  pressure.  Vet  water  may 
I  to  rise  in  spouting  streams  eren  above  the  level  of  the 
r  from  which  it  issues,  by  introducing  a  cnrrenl  of  air  in 
mumer  that  it  may  be  mingled  with  the  stream,  and  the 
IS  beeraning  specifically  lighter  dian  the  water  in  the  re> 
fbe  latter  Is  more  powerfully  acted  on  by  the  incumbent 


do  Uie  nMrlowBti  of  Bouut  prore  ia  regurd  to  the  dinharge 
from  orincei  ander  different  heads  ? 

be  diFerenee  between  Ibe  iheoretieU  and  the  aalaal  diiebarfe 
or  diminiih  bj  in  inoroH  of  head  ! 

rdaliiMi  esiwa  brlwecn  ihe  bead  of  pre«Dr«  asd  Ibe  beigbt  to 
liquid  wUI  be  prq|BcUd  opvardi  f 
it  nasner  aaay  a  Iiqaid  be  made  to  riie  in  a  jet  above  (be  lord 
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13.  The  eoncourse  of  the  aerial  and  aqneons  ilaids  pi 
musical  sounds,  somewhat  resembling  those  from  the  han 
but  not  so  soft.  That  the  sounds  are  caused  by  the  parti 
the  air  striking  against  those  of  the  water  is  evident,  b 
when  the  flux  of  the  water  is  stopped,  and  the  air  suffered 
alone,  nothing  is  heard  but  a  hissing  noise  yery  different  t 
preceding.* 

13.  It  has  been  ascertained  from 
I  ^  I  I  3  I  ment  that  a  greater  quantity  of  water 
I    "^     I      I  discharged  in  a  ffiyen  time  from  the 

I— J   ^       L-i    p-*  bottomof  a  Tessei,  through  a  short  pre 

tube,  than  from  a  simple  aperture  of  tli 
dimensions.    The  tube,  however,  n 

Wl  f  entirely  without  the  Tessei,  as  in  fiff. 

I  ji  I  if  it  is  continued  inside,  as  at  A,  the  dii 
V  J  will  be  lessened  instead  of  being  augi 
•  }  ^  Much  also  depends  on  the  figure  of  t 
and  that  of  the  bottom  of  the  YeMel 
more  water  will  flow  in  the  same  time  throng  a  conical 
shaped  tube  than  through  a  cylindrical  one,  and  a  further 
tage  will  be  gained  by  giving  a  corresponding  shape  to  the 
of  the  vessel,  as  at  D.  These  effects  depend  on  the  inter 
to  the  conflux  of  the  aqueous  particles  by  the  sides  of  tfai 
tube  in  the  vessel  A,  and  the  greater  facilities  afforded  f! 
escape  in  different  degrees  by  the  forms  of  the  apertures 
vessels  B,  C,  and  D ;  and  the  last  of  these,  coinciding  m 
actly  with  the  figure  of  the  flowing  stream,  is  best  adapted 
mote  the  discharge  of  the  liquid. 

14.  When  pipes,  or  tubes,  of  considerable  length  are 
conduct  water  from  a  fountain,  the  effects  will  be  modified 
rious  circumstances,  the  Quantity  discharged  depending 
length  and  dimensions  of  tne  pipes,  their  direction  or  incli 
and  the  number  and  abruptness  of  the  angular  bendings 
take  place  in  their  course. 

15.  When  a  stream  of  water  is  propelled  through  a  cif 
basin  containing  water  at  rest,  it  will  have  such  an  effect 
entire  mass  as  to  set  it  in  motion,  and  cause  a  great  part 
mix  with  the  current,  and  make  its  escape.  Owing  to  tl 
perty  of  flowing  liquids,  it  is  possible  to  drain  a  lake  or  mi 
leading  a  stream  descending  from  a  higher  level  to  the  be 
the  la£e,  when  it  will   sweep  through  the  stagnant  wal 

What  phenoroenon  aecompanies  a  jet  of  mixed  air  and  watei 
from  a  pipe  ? 
^  On  what  cirenrostanees  do  the  effects  of  short  tabes  ofadfuUu;^^ 

What  additional  causes  of  resistance  are  to  be  considered  in  fonj 

What  occui*8  when  a  stream  of  water  is  directed  along  the  sa 
a  basin  of  the  same  liquid  ? 

To  what  is  this  effect  attributed  ? 

*  V,  Beudant  Traite  ElemetKlaxre  d«T\i^%\^«^  \%9^^  \ip.  271,  i 
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• 

daallr  drawiiig  it  into  its  Tortex,  carry  it  off  over  the  opposite 
u  Ventoii,  an  Italian  philosopher  and  engineer,  made  use  of 
dda  metiiod  to  drain  a  marsli  near  Modena,  by  condoctinff  throu^ 
il  m  rapid  descending  stream.*  This  elSect  is  prodaccd  by  fno- 
tfam  between  die  particles  of  the  liquid,  and  thus  the  water  in 
■otion  commnnieates  its  impulse  laterally,  till  the  whole  mass  is 
iffMstod,  and  jp^radually  entering  the  current  is  carried  off, 

16.  The  friction  which  takes  place  between  the  particles  of 
water  and  those  of  the  air  is  productive  of  some  curious  and  in- 
tansting  phenomena.  To  this  cause  is  owing  the  current  of  air 
maaed  by  tfie  fall  of  water  from  an  eminence,  of  which  a  remark- 
abto  instance  is  adduced  by  Yenturi,  in  a  cataract  which  rushes 
Cnm  tiie  glacier  of  Roche  Melon,  on  the  rock  of  La  Novalese, 
near  Mount  Cenis. 

17.  The  agitation  of  the  sea  by  the  wind,  and  the  transforms^ 
tion  of  its  surface  into  a  mass  of  foaming  waves  and  mountain 
bfllows  during  a  storm,  is  another  important  and  striking  effect 
of  the  friction  t>f  air  and  water.  That  the  formation  of  waves 
toends  on  this  cause  is  convincingly  proved  hj  the  experiments 
of  Dr.  Franklin,  who  ascertained  mat  by  pounng  oil  on  the  sur- 
fiiee  of  a  pond  to  the  windward,  in  stormy  weather,  the  ripples 
with  which  it  was  covered  might  be  made  to  subside ;  and  it 
mean  that  this  method  of  calming  the  waves  by  pouring  oil  on 
laeir  sur&ce  has  in  some  instances  been  found  advantageous  at 
na.  FrcNU  its  inferior  specific  gravity  the  oil  forms  a  floating 
tim,  which  defends  the  surface  of  the  water  from  contact  with  the 
eorrents  of  air,  and  the  friction  between  the  wind  and  waves  is 
Tutiy  diminished,  in  the  same  manner  as  that  which  takes  place 
between  solids  is  by  the  application  of  unctuous  matter. 

18.  T^e  effect  of  the  pressure  or  impact  of  flowing  liquids  on 
iblids  immersed  in  ihem,  is,  as  in  other  instances  of  hydraulic 
pvessore,  |n^eatly  influenced  by  circumstances,  and  therefore  the 
general  pnnciples  arising  froni  theory  must  be  adopted  with  con- 
lidefable  limitations  when  applied  to  practice.  It  must  be  mani- 
ksi  that  when  a  flat  solid  surface  is  moved  perpendicularly 
Against  a  liquid,  the  resistance  will  always  be  in  a  certain  pro- 
portion to  the  extent  of  the  solid  surface ;  and  when  such  a  plane 
i^r&ee  is  exposed  to  the  action  of  a  flowing  liquid,  the  effect  must 
W  greater  or  less  according  to  the  degree  of^  the  velocity  of  the 
ibeam.  Hence  may  be  deduced  the  general  rule,  that  the  effect 
Modnoed  by  the  pressure  of  flowing  water,  acting  perpendicu- 
bily  on  a  flat  sur&ce  plunged  beneath  it,  is  in  ue  compound 

To  what  utefal  parpow  haa  this  experiment  been  converted  ? 
How  !•  the  eleTatJon  of  wavea  to  be  explained  ? 
What  experiment  !•  eoneeived  to  demonstrate  the  eorrectness  of  this 
explanation  ? 
In  what  proportiona  are  tolida  resisted  when  moving  throngih  liquids  } 

•  See  Leslie's  Elements  of  Nat  Philosophy,  vol.  i.  v^  ^^\  ^^\  ^^^ 
Niebolson't  Journal,  Mo,  1799, 
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ratio  of  the  fifqnare  of  the  Telocity  of  the  stteam  fltnd  that  of  the 
solid  surface.  If  the  mirfiiee  be  presented  obliquely  to  the  diie^ 
tion  of  the  stream,  the  effect  must  be  less  than  when  it  is  peipen* 
dicular  to  the  sur&ce  of  the  current;  and  the  dimiButton  of  pres- 
sure arising  from  such  a  cause  will  be  proportioned  to  the  in<^ 
nation  of  the  solid  surface.  Its  amount  in  any  ffiTen  ease  may 
be  calculated  on  the  same  principles  as  the  e&cts  of  inelined 
planes  in  mechanics. 

19.  When  a  liquid  acts  by  impact  on  a  solid  plane,  camng^  il 
to  turn  round  an  axis,  in  the  manner  of  the  float^KMids  of  a  watsf- 
wheel,  there  will  be  a  certain  point  in  that  plane,  where,  if  tiw 
whole  force  of  the  stream  could  be  concentrated,  it  would  prodnes 
the  same  effect  as  when  that  fiorce  is  distributed  over  tlie  wfaols 
surface  of  the  plane.  The  point  thus  indicated  is  the  eentke  of 
percussion,  some  notices  en  which  hare  been  introdueed  elas* 
where.* 

Hydraulie  Mlaehina,  -f^^ 

20.  The  object  of  hydraulic  machinery  is  chiefly  that  of  raising 
water  from  a  lower  to  a  higher  level,  which  effect  may  be  pro- 
duced by  hydrostatic  pressure  or  impact,  on  liquids  and  soudi, 
either  alone,  or  in  conjunction  with  atmospheric  pressure.  Hie 
construction  of  those  machines  whose  operation  depends  on  ths 
latter  cause  must  be  referred  to  the  trea^se  on  Pnenmatites ;  but 
there  are  other  machines  which  ma]r  be  properly  noticMed  at  pra- 
sent  as  their  modes  of  action  admit  of  satisfactory  explanation 
on  the  principles  of  hydrostatic  science. 

21.  These  may  be  distinguished  into  three  classes :  namely, 
machines  for  raising  water  by  mechanical  means  only;  those 
which  act  by  the  weight,  pressure,  or  impact  of  water,  on  solids; 
and  those  in  which  the  effect  is  produced  by  the  reactive  force  or 
intermitting  action  of  flowing  water. 

22.  A  common  draw-well,  from  which  the  water  is  lifted  by 
means  of  a  bucket  and  windlass,  affords  an  example  of  a  machine 
of  the  first  class.  But  the  comparatively  small  cmantity  of  water 
that  can  be  raised  at  once  by  the  use  of  a  single  bucket  confines 
its  employment  to  domestic  or  occasional  purposes. 

23.  The  chain-pump  is  a  much  more  efficient  engine,  thongfa 
very  similar  in  its  mode  of  action  to  the  preceding.     The  flgiu« 

What  advantage  is  poascMed  by  the  obliqaity  of  the  snipfiic*  agtiait 
which  the  resistanee  ii  applied  ? 

At  what  point  in  a  float-board  maj  the  whole  action  or  reaction  of  a 
liquid  be  conceived  to  be  applied  ? 

On  how  many  different  principles  are  machines  fbr  raising  water  cos- 
structed  ? 

Into  how  many  classes  are  those  machines  divided,  which  depend  for 
their  efiiciency  entirely  on  hydrostatic  laws? 

*  See  Mechanical  No.  1S3.  See  Col.  Beaufoy't  experiments  on  Hy- 
draulic action,  in  which  a  vast  variety  of  forms,  vdoeities,  and  modei  « 
Molioa  are  detailed. — Ed. 
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--    ^f  platei  or  flu  duks  0? 

wcxid,  D  D  D  D,  BttBched  tioTisontallj 
to  an  endleM  chain,  and  pamlng  ronnd 
twD  wheels,  E  and  F,  by  turning  which 
the  chain  and  plate*  are  carried  throngh 
a  wateT'tight  cylinder,  the  lower  end  of 
which  JB  plunsed  beneath  the  surface  of 
water,  and  ita  inlemal  dtmenalons  are  cx- 
actly  adapted  to  receive  the  plates,  which 
BDCceBsiTely  entering  the  tuba  when 
drawn  up  by  the  revolving  chain,  fonn 
BO  many  bncBeta  filled  with  water,  which 
they  carry  up  and  dischari^  into  a  ciBlem 
above,  or  when  used  as  they  commonly 
are  on  ahip-board,  into  q  pipe  that  may 
discharge  it  again  into  the  eea.  The  ma* 
motion  by  a  winch,  or  other  means  ajiplied 

Sper  wheel.     The  cbain-pump  will  act  with  greater 
e  cylinder  can  be  placed  obliquely  than  when  it* 
Una  is  eractly  vertieal. 

.  The  rope  pump  isaloM  efficient  modification  of  the  chaJD- 
I  or  bucket-engine.  It  is  compoeed  of  wheels,  one  nnder 
r  and  ^e  other  above,  having  on  their  peripheries  several 
res,  through  which  pass  endless  ropee  of  very  loosely  spun 
or  horse  hair;  and  the  upper  wbeei  being  made  to  revolve 
Bjeet  velocity,  the  water  which  adheres  to  the  coarse  ropes 
£«  raised  and  discharged  above  by  pressure.  The  water  is 
attached  to  the  rope  by  simple  cohesive  or  capillary  attrac- 

.  The  Peraian  wheel,  which  is  used  to  raise  water  not  only 
TTsia  bat  also  in  Bgypt  and  other  eaatem  countriea,  consista 
large  wheel,  to  the  nave  of  which  are  suspended  a  number 
ickets,  in  such  a  manner  that  in  the  revotulions  of  the  wheel 
BQCcessively  dip  into  a  pond  or  stream  of  water  over  which 
rheel  moves,  and  the  buckets  thus  being  filled  ascend  with 
load  till  each  in  torn  reaches  the  summit  of  the  circuit, 
e  there  is  a  contrivance  for  tilting  each  bucket,  so  that  it  may 
large  its  contents  into  a  cistern  or  reservoir,  and  it  Ihen  da- 
is with  the  revolving  wheel  to  be  filled  again.  Snch  a  wheel 
b«  put  in  motion  by  any  mechanical  means ;  or  if  it  be  om- 
jd  to  mee  water  from  a  ronning  stream,  float-boards  may  be 
1  to  make  it  revolve  like  an  under-shot  wheel. 


T  railed  on  ■  rope  pampr 
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S6.  The  codUioo  ot  MMW 
•f  ArchimadeB,  derivea  iu 
designrntion  from  a  prera- 
Icnt  opinion  that  it  was  iIm 
inrenlion  of  the  STiBCnaaa 
Hge.  But  it  is  not  niMt- 
tionedby  VitnTins  amonc 
die  diaeoTeriM  of  Arefaf 
nedea,  and  then  is  aone 
ground  tdi  belleviDg  that  it 
wu,  bdbre  hi*  time,  nud 


jisting  of  A  flexible  tube  like  a  hollow  corkscrew  k 
a  solid  cylinder,  which  may  be  made  to  reyolve  by  tnniing  ■ 
winch,  or  by  attached  wheel-work.  When  it  ta  placed  in  air  o^ 
lique  position,  with  the  lower  opening  of  the  acrew  immeiaed  in 
a  cistern,  or  any  other  body  of  water,  the  liquid  will  entur  bdmr, 
as  the  oriflce  dips  beneath  it  in  each  rcTolntion,  and  be  carried  up 
and  discharged  abovej  the  pecniiar  form  of  the  macliine  ftcilits^ 
iag  the  elevation  of  the  water. 

97.  The  most  imporlant  macliinea  belonging  to  the  second  elan 
aiedifferent  modificatioDsofwaler-wheelB.  l^ey  are respectiTsly 
termed  underahctt  wheels,  overshot  wheels,  and  breast  wheels. 

Tbe  nnderabot  wheel  is  said  to 
be  of  earlier  ori^a  ihait  the  olbeiai 
and  it  is  likewise  the  most  commoa. 
It  consists,  as  is  shown  in  the  (d- 
nezsd  fi^re.of  awheel  on  the  peri- 
phery of  which  are  fizod  a  number 
of  flat  boards  at  equal  distances,  and 
Bet  at  right  angles  to  the  plane  of  dw 
wheel.  Theyarecalledfloat-boards; 
and  the  wheel  being  so  placed  BB  fp* 
its  lowest  point  to  be  unmersed  i> 
flowing  water,  it  is  set  in  moUoa  bj 
the  impact  of  the  water  on  the  boards  as  they  succoBBiTely  d» 
into  it.  As  a  wheel  of  this  kind  will  rerolye  in  any  stream  whiea 
rumiaheB  a  current  of  sufficient  power,  it  may  be  nsod  wheie  tlis 
descent  of  the  water  is  by  far  too  trifling  to  turn  a  breast  wheel. 
much  less  an  overshot  wheel. 

38.     Ifall  the  floa^boa^d8  are  vertical  to  the  centre  of  the  wheel, 

Dchlion  eamnioiil]r  ■•cribed  ? 
wawi^wheeli  divided  ? 
:  an  DDfirrdiDt  wheel  which  rndia 

't'u\]ie  peoulUr  adTanUiEe  of  <bi*  kind  of  wheel  to  U 
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tf  tatlMfigare,  OMWhad  will  woA  equaH*  well  ■■  eitbar  diieo- 
tidn,  knd  om  of  thnt  eonetminloti  mwj  therefore  be  advutweonel; 
OMd  in  die  tideway  of  a  liKr,  u  h  will  ktoItb  ddMr  widi  the 
flowing  or  Ae  ebMitg  tide.  But  in  anv  otber.iitintica  a  wheel  n 
to  be  preferred  in  wliicb  the  iloBt-boerOB  incline  tnwwda  die  cdt- 
rent,  uid  thus  die  effect  ot  the  eln^e  is  increaaed  ;  bat  it  appsaia 
from  ezperiment  that  the  beet  pwitioD  is  wfaes  the  inelination  of 
tfae  fioat-boarda  i>  bnt  iDconsidenble. 

29.  TTie  ovenbot  wheel  dillen 

.  from  die  foiegoing  in  the  mauDer  in 
which  it  is  noted  on  by  weter,  receiV'^ 
ins  its  impulse  not  from  the  impact 
odIt,  but  froni  the  weight  of  water. 
This  kind  of  wbed,  u  maj  be  con- 
eeiTed  from  the  figure  in  the  margin, 
can  only  be  need  where  a  consideT- 
able  fati  nf  water  can  be  obtained. 
On  its  peripheiT  are  fixed  a  number 
of  eavitie*  called  backets,  being 
closed  on  both  aides,  but  having 
o^ninga,eothatlhewater,coDdnctedbyaleTela'ODghof  the  same 
breadth  with  the  wheel,  may  fill  each  bucket  ia  eucceasion,  as  it 
reaches  that  point  in  the  circuit  of  the  wheel  at  which  the  w^^t 
of  the  water  can  begin  to  act  on  its  cireumference.  From  the  pe- 
cnliar  fbmt  of  the  buckets  they  retain  the  water  partially  till  they 
hare  descended  to  near  the  lowest  point  of  the  circuit,  and  baring 
disebarged  their  contents  into  die  tail-atieam,  thej  ascend  on  the 
opposite  aide  to  be  filled  as  before.  As  the  orerabnt  wheel  requires 
the  gteateat  Ml  of  water  to  make  it  act,  so  is  it  likewise  the  moat 
powerful  with  reference  to  the  effect  prodnced,  by  the  momentum 

30  The  bnnst  wheel  is  a  sort 
of  machine  having  an  intermediate 
character  compared  with  the  un- 
dershot and  oTcrahot  wheel.  It 
has  fioBi-boards  like  the  former, 
bu  t  Ihey  are  converted  into  buckets 
somewhat  after  the  manner  of 
those  in  the  chain  pomp,  as  they 
move  in  a  cavity  adapted  to  Ihia 
circumference  of  the  wheel,  •• 
shown  in  tiie  mar^n.  The  water 
passes  through  this  eavi^,  enter* 


of  flowing 


«  the  floalf  of  an  undenhol  wheel  ti 


Describe  the  eonitmeliaTi  und  letion  of  nn  overihoc  wheel. 
Willi  reUlion  hai  the  poirep  oT  (be  otenliM  wheel  Id  that  ef  olbcr 
■Itcel'i  Bunr  tbe  Mine  qaantit;  and  till  of  water  I 
'What  ii  the  BsaMmalioB  of  tba  breait  wheel  f 
InwhatpoioU  Ax*  it  reiBfoble  the  olber  two  fotiiai  of  '«*<lKT-«^«^) 
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Ing  it  UMfly  OB  « leral  with  the  «xii  of  tha  wheel.  In  thii  «Ui 
the  liquid  »eta  ebMlj  b^  its  wright;  and  the  muhine,  tfaoogta 
leM  emoienl  than  the  overaltot  wIimI,  is  moie  bo  tinn  lbs  other. 
It  is,  therefore,  only  used  whne  the  &11  of  WAlei  happeiw  to  be 
pecaliarly  adapted  few  the  pnrpoee. 

31.  Among  the  hTdranlie  machines  belonging  to  the  third  elaas, 
which  derive  th^  power  from  the  reaelian  of  flowiaflr  water,  ii 
one  called  Barker's  Hiil,  as  haTing  been  invented  by  Dr.  Barker, 
towards  the  close  of  the  seventeenth  century.  This  engine,  as 
represented  in  the  annexed  Ggnre,  oonsists  of  a 
hollow  pyliodrical  metal  pipe,  AB,of  conuder- 
able  height,  and  tenninating  above  in  a  fhnnel- 
shaped  cavity.  The  pipe  is  supported  insver- 
tical  position,  by  resting  below  on  a  pcnnled 
steel  pivot,  tnming  freely  in  a  brass  boi,  adapt- 
ed  to  receive  it;  and  the  npper  part  has  a  ey- 
lindrieal  steel  asis,C  D,  passinffUiron^a  board, 
supported  by  uprights  al  the  Bides.  The  hollow 
tube,  A  B,  communicaleg  with  a  cross  tube,  E  F, 
closed  at  the  esbemitles,  but  having  adjnsti- 
ble  orifices  at  the  opposite  aides,  neat  each  end 
of  the  oross  tu)>e.  A  pipe,  G,  above,  commni^ 
catea  with  a  supply  ol  water,  which  it  dis- 
charges into  the  jiinnel  at  the  top  of  the  vertical 
epe  B;  and  the  supply  must  be  so  rsEulated  that  the  pipe  mn 
I  kept  constantly  filled  with  water  withonl  runoino  over ;  white 
the  orifices  in  the  cross-pipe  at  E  and  F  will  deliver  the  water 
with  a  force  proportioned  to  the  height  of  the  column  in  the  tube 
A  B,  and  the  apertures  being  in  opposite  directions,  the  sponting 
cnrrenta  will  communicaW  a  rotary  notion  to  the  vertical  tube  and 
its  axis  C  D,  to  which  may  be  attached  a  toothed  wheel  connected 
with  any  other  machinery. 

33.  "Hie  action  of  this  machine  does  not,  as  sometimes  stated, 
depend  on  the  resistance  of  the  atmosphere  to  the  jets  from  the 
croas-pipe;  but  is  wholly  owing  to  the  hydioslatie  pressure  of  the 
column  of  water  in  the  verUcal  tube,  which  exerting  great  force 
on  the  interior  of  the  horizontal  tube,  and  that  force  being  removed 
from  the  points  whence  the  water  issues,  the  pressure  or  resc- 
tioQ  on  the  corresponding  points  on  the  opposite  parts  of  the  in- 
terior of  the  tube  tends  to  make  itrevolve,  die  sclion  of  both  lets 
prodacin^  motion  in  the  same  direction,  Heuce  it  ia  often  ealled 
the  reaction  wheel.  The  theoretical  investigation  of  its  peenliar 
properties  and  mode  of  action,  has  engaged  the  attention  of  Iha 
celebrated  mathematicians,  Leonard  Euler  and  John  Bernoulli, 


By  wliat  mecbanicil  properly  di 
On  wh*l  priiwi^e  ii  Barker'i  n 


U  eOeel  on  this 


lo  the  aBtion  of  |1i!b  t 
ii  the  moving  force  k 
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oih  of  whom  represent  it  as  exhibiting  a  method  of  employing 
lie  fbree  of  water  as  a  moring  power,  superior  to  any  other. 

33.  Among  maehines  whose  effects  depend  on  the  force  of  ilow- 
ag  water  may  be  included  the  Hydraulic  Ram,  inrented,  or  rather 
raprored  by  Joseph  M ontgolfter,  distinguished  for  his  share  in 
B  the  inrenlioa  <n  the  air^aDoon.  The  hydraulic  ram  operates 
diiefly  from  the  momentum  of  a  current  of  water,  suddenly  stop- 
)ed  in  its  coarse,  and  made  to  act  in  another  direction ;  and  as  it 
)roduces  a  kind  of  intermitting  motion,  owing  to  the  alternate  re- 
treat and  access  of  the  stream,  accompanied  with  a  noise  arising 
bm  the  shock,  its  action  has  l>een  compared  to  the  butting  of 
ims ;  and  hence  the  name  of  the  machine. 

34.  Several  historical  facts,  in  regard  to  the  employment  of  the 
jerenssiTe  force  of  liquids  to  eleyate  portions  of  tneir  own  nass, 
VB  cited  by  writers  on  this  subject,  prior  to  the  invention  of 
Sontgolfier's  BeUer  hydr&ulique.  The  fixing  of  pipes  to  conrey 
ireler  firom  one  level  to  another,  could  scarcely  fail  to  render  ap- 
pHent  the  immense  power  m<»nentarily  exerted  when  a  column 
a  water  descending  with  considerable  velocity  is  suddenly  arrest- 
Bd.  A  most  striking  example  of  this  was  exhibited  (Dec.  1834) 
It  the  Philadelphia  water  works,  in  which,  by  a  little  derangement 
ii  fho  action  of^  the  valves  of  the  fbree  pump,  the  column  of  water 
fttm  die  basin  100  fbet  hich,  was  suddenly  met  by  the  machine 
with  a  force  which  bofst  ue  air  vessel  with  an  explosion  like  that 
of  artillerr,  tearing  asonder  the  cast  iron  at  a  part  where  the  di- 
ameter m  the  teseel  was  three  feet,  and  the  thickness  of  the 
Qslsl  foil  an  inch  and  a  half  of  perfectly  sound  casting.  Several 
iieb  bolts  ci  wrought  iron  which  had  confined  the  upper  part  of 
tlM  vessel  were  likewise  torn  away. 


35.  The  essential  parts  of  the  hydraulio  ram*  as  exhibited  by 
Montgolfier,  are  represented  in  the  marginal  figure.  A,  is  a  head 
)f  water,  connected  with  the  tube  or  tunnel  B,  closed  at  the  extre- 
ittty  C,  but  having  an  aperture  at  D,  to  which  is  adapted  a  valve 
formed  by  a  ball  of  porcelain  or  copper,  hollow,  so  as  to  be  not 

On  what  prineiple  is  the  hjdnialie  ram  eonstraeted  > 

What  remariutble  effects  of  the  percussion  of  a  liquid  column  haTe 

Eiplaia  the  aerenl  parts  of  the  machine  invented  by  Mout^fAfiec. 
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more  than  as  heary  asain  as  an  eqaal  Tolnme  of  water,  and  snp* 
ported  near  the  orifice  by  a  sort  of  muzzle  or  cage.  F,  is  a  reser- 
Yoir  of  air,  with  an  opening  from  the  tannei  B,  and  a  yalre  E  fit- 
ted to  it,  but  lifUng  upward,  and  prevented  from  displacement  by 
a  muzzle  over  it.  From  near  the  bottom  of  the  air-vessel  F  pro- 
ceeds a  pipe  G,  which  may  be  continued  to  any  given  height  to 
which  it  is  requisite  that  me  water  should  be  raised.  The  tabe 
B,  is  c^led  the  body  of  the  ram;  the  tube  G,  the  tube  of  ascen- 
sion ;  D  the  stoppage  valve,  and  E  the  ascensiop  valve. 

36.  Now  the  lormer  valve  being  open  and  the  latter  shut  when 
the  water  begins  to  run,  it  at  first  escapes  through  the  stoppage 
valve  D,  but  soon  acquiring  a  momentum,  frx>m  the  acceleratinff 
velocity  of  its  fall,  it  drives  the  ball  D  against  the  opening  and 
stops  the  passage  in  that  direction;  the  reflected  stream  ^n 
strikes  up  the  ^ve  E,  and  water  enters  into  the  air-vessel  F, 
through  the  ascension  valve :  the  ball  D,  as  soon  as  it  is  relieved 
from  pressure,  frdls  into  its  muzzle,  and  makes  way  lor  the  water 
affain  to  escape  through  the  stoppage  valve,  while  the  other  valve 
closes  through  its  weight  and  the  reaction  of  the  compressed  air 
in  the  reservoir.  The  renewed  momentum  of  the  stream  presently 
shuts  the  stoppage  valve,  and  lifting  the  ascension  valve,  more 
water  enters  the  air  vessel,  and  as  soon  as  the  orifice  of  the  pipe 
G  becomes  covered,  the  pressure  of  the  air  drives  the  water  up- 
ward ;  for  that  which  has  been  admitted  through  ihe  ascension 
valve  cannot  return,  and  more  being  added  at  each  stroke  of  the 
engine,  it  may  be  gradually  raised  to  an  indefinite  height. 

37.  The  absolute  effect  produced  must,  in  any  given  case,  de- 
pend on  the  fall  of  water  to  supply  the  engine,  and  the  diameter 
and  lengths  of  the  tubes.  Montgolfier  erected  a  water  ram  in  his 
garden,  with  an  artificial  fall  of  water  of  7^  feet,  by  which  water 
was  raised  to  the  height  of  50  feet,  in  tubes  two  inches  in  diame- 
ter :  the  water  expended  in  four  minutes  was  554  pints,  that  ele- 
vated 52  pints.  Comparing  the  pofUfcr  expended^  (554  X  7.5=^ 
4155,)  with  the  effect  obtained  in  this  case,  (52x50=2700,)  we 
get  the  result  2700~4155=,65,  or  the  effect  is  sixty-five  percent, 
of  the  power,  while  with  the  best  forms  of  overshot  wheels  the 
effect  sometimes  exceeds  85  per  cent.  In  another  machine,  with 
a  fall  of  about  34  feet,  water  was  raised  seven  times  that  height, 
and  the  stoppage  valve  closed  one  hundred  and  four  times  m  a 
minute.  Improvements  were  made  on  the  original  construction 
of  the  hydraulic  ram  by  the  son  of  the  inventor,  who  obtained,  in 
England,  a  patent  for  his  construction. 

Whj  docs  not  the  stoppare  valve  remain  permanently  in  contaet  with 
its  seat  when  once  elevated  bj  the  force  of  the  current  ? 

On  what  does  the  absolute  effect  of  the  hydraulic  ram  depend  ? 

What  proportion  did  Montgolfier  find  between  the  power  expended 
and  the  effect  produced  in  the  eievatioa  of  water  ? 
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The  subject  of  hydraulics  embraces  two  different  objects. — 
The  first,  a  theoretical  Tiew  of  the  nature  of  the  forces  exerted  by 
water  in  motion,  and  the  peculiar  phenomena  accompanying  its 
Morement,  wheUier  in  open  channels,  closed  pipes,  or  the  ororans 
hrtended  to  leceiye  and  employ  its  mechanical  efficiency ;  and  the 
neond  leeaids  it  as  a  branch  of  engineering.  Teachers  will  find 
(he  two  Apartments  often  blended  together,  and  the  topics  b^ 
longing  to  both  promiscuously  treated.  But  in  some  recent  pub- 
liewons  they  nave  been  very  properly  distinguished,  and  the 
•emce  <^  the  matter,  with  its  Tarious  uieoretical  developements, 
tmBged  under  apprcmriate  heads.  In  this  manual,  the  object 
ot  which  is  to  treat  chiefly  of  the  sciences,  the  former  class  of 
tnattses  desenres  particular  mention. 

Theoretical  calculations  are  to  be  found  in  Cambridge  Meeh^ 
lies,  pp.  369 — 117. 

Gr^rory's  Mathematics  for  Practical  Men,  pp.  308—329. 

TVerase  of  Mechanics,  by  the  same  author,  3  toIs.  8to.  18S6« 

Venturi's  Experimental  inquiry,  translated  by  Nicholson^ 

Leetures  on  Natural  Philosophy,  by  Dr.  Young. 

Belidor's  Aiehitectuie  Hydraulioue. 

Piony's  Nouvelle  Architecture  Hydraulique. 

Dubnat's  Principes  d'Hydranlique. 

Traits  Eldmentaire  d'Hydrodjrnamique,  par  Bossut. 

The  volume  of  the  transactions  ai  the  British  Association  at 
Cambridge,  contains  an  able  report  by  Mr.  Rennie,  on  hydrau- 
lics, as  a  branch  of  engineering,  which  has  been  republished  in 
die  Jooinal  of  the  Framdin  Institute  for  January  and  February, 
1835. 

Foe  9^  account  of  experiments  on  water  power  the  reader  may 
consult  Smeaton's  Reports,  Evan's  Millwright's  Guide,  Banks 
on  Mills,  and  Journal  of  the  Franklin  Institute,  (report  of  commit- 
tee on  water-wheels.) 


PNEUMATICS. 

1.  Tbc  object  of  tbat  braiioh  of  physioa}  seieoe*  wUoh  hm 
been  denonunated  Pnenmaticii,*  or  Aerology,!  m  to  explain  md 
tilastrate  ikoee  phenoiaeiia  wrhkh  anse  from  tbe  weight,  piwMUe^ 
or  motion  of  oommon  air  or  other  fluids  poaeeeaiog  tlie  aame  gebe** 
ral  properties.  The  distinetioii  between  liquids  and  those  mors 
elastio  ^uids  called  akv  gas,  vapour,  or  steam,  depends  lu  a  great 
degree  on  occasional  causes,  especially  on  temperatoze  and  pies* 
sure.  llioBe  effects  which  are  to  be  attributed  to  the  opention 
of  heat  and  cold,  or  diversity  of  temperature,  are  on  sef«Bal  ae^ 
counts  of  sufficient  importance  to  be  made  the  subject  of  detaohad 
iavestigation,  oom|>r^eoding  a  review  of  the  relations  of  heal  to 
all  natural  bodies,  whether  solids,  liquids,  or  eases ;  and  traeiag 
the  general  influence  of  temperature  in  the  production  of  those  pe- 
culiar forms  of  matter.  Tlbereibre,  though  it  will  be  impossible 
to  explain  the  phenomena  of  atmospheric  pressure,  and  its  effects 
on  solids  and  liquids,  without  adverting  to  the  influence  <tf  leinpe- 
rature,  a  more  extended  survey  of  that  important  subject  must  be 
referred  to  the  subsequent  treatise  on  that  branch  of  seienoe  which 
has  been  termed,  Pyronomics,  or  the  laws  of  heat. 

2.  There  are  two  idnds  of  aeriform  bodies ;  namely,  those  which 
are  always  in  the  gaseous  state,  under  common  circumstances  of 
temperature  and  piesswe,  thence  named  permanent  gases  or  airs; 
and  those  which  become  gases  chiefly  at  high  temperature,  and 
which  therefore  may  be  styled  nos-permanent  ^paes  or  vapours. 
Common  air,  or  atmospheric  gas,  affords  an  obvious  specimen  of 
a  pennanent  elastic  fluid,  and  steam  or  vapour  of  water  of  a  non- 
permanent  elastic  fluid. 

3.  These  different  species  of  gases  possess  many  properties  in 
common ;  and  there  is  reason  to  believe  that  those  gases  which 
have  tiil  recently  been  regarded  as  capable  of  existing  only  in  the 
form  of  permanently  elastic  fluids,  might  be  reduced  to  the  liquid 
state  by  subjecting  them  to  extremely  low  temperature  and  very 
powerful  pressure. 

4.  Mr.  Faraday  has  effected  the  condensation  to  the  state  of  a 
liquid  of  the  gas  called  carbonic  acid  or  fixed  air,  as  well  as 
several  other  gases  previously  considered  as  permanently  elastic 

What  is  the  object  of  the  scienee  of  pnemnatics  ? 

On  what  rests  the  distinction  between  liquids  and  p^aseoas  boflies  ? 

What  imponderable  agent  is  necessarily  involved  in  the  phenomena  ot 
atmospheric  action  ? 

How  many  kinds  of  aeriform  bodies  are  found  in  nature  ? 

What  constitute  their  distinguishing  properties  ? 

What  has  Faraday  proved  in  regai*d  to  tne  state  of  carbonie  acid  and 
other  gaseous  bodies  ? 


*  From  the  Greek  nviu^*,  breath,  or  air ;  or  nvtvfi»rt»os,  atrial. 
fFrom  >Ai,0,  air;  and  Aoyos,  a  discourse,  or  treatise. 
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fluids,  by  the  combined  operation  of  pressure  and  low  tempera- 
ture.* And  Mr.  Perldns,  whose  experiments  on  the  compres- 
sibiHty  of  water  have  been  already  described,  extended  his  opera- 
tions to  gaaeoas  bodies,  and  from  his  statements  it  appears  that 
he  suoeeeded  in  reducing  atmospheric  air  to  the  state  oi  a  limpid 
liqiiid,  by  a  pressure  equu  to  the  weight  of  twelve  hundred  atmos- 
pheies.'l'  Should  the  observations  or  those  gentlemen  be  confirm- 
ed and  extended  to  all  those  now  called  permanent  gases,  it  will 
be  erident  that  their  existence  in  the  liquid  or  gaseous  form  de- 
pends entirely  on  Iheir  relations  to  temperature  and  pressure,  the 
variovsairs  and  vapours  being  all  susceptible  of  oonaensatioa  un- 
der difieient  circumstances. 

5.  Airs  and  vapours,  or  permanent  and  non-permanent  elaatie 
fluids,  however,  though  they  may  be  considered  as  forming  but 
one  class  of  bodies,  yet  from  the  vast  diversity  of  their  relations 
to  heat,  admit  of  being  applied  to  very  different  purposes ;  and 
hence,  in  treating  of  their  physical  properties,  the  distinction 
between  tiiem  must  be  carefully  kept  in  view.  It  will,  therefore, 
be  conducive  to  perspicuity  to  notice  in  this  treatise  the  properties 
of  the  permanent  gaises,  such  as  atmospheric  air ;  leaving  tiie  cir- 
eumstances  which  constitute  the  discriminating  characteristics  of 
the  non-permanent  gases,  and  especially  of  steam  or  the  vapour 
of  water,  to  be  more  fully  investigated  in  the  division  of  this 
work,  appropriated  to  the  doctrine  of  Heat. 

General  Properties  of  Mr, 

6.  Common  or  atmospheric  air  is  an  invisible  or  perfectiy  trans- 
parent fluid,  the  ultimate  particles  of  which  appear  to  be  destitute 
of  cohesion ;  and  hence  air  has  a  disposition  not  only  to  sink 
down,  and  spread  out  laterally  like  liquids,  when  unconfined,  but 
it  is  also  equally  capable  of  expansion  upwards ;  so  that  any  por- 
tion of  this  fluid  will  speedily  become  dissipated  and  lost,  unless 
It  be  inclosed  within  a  solid  air-tight  vessel  or  other  receptacle, 
such  as  a  bladder,  or  retained  in  an  open  vessel  by  the  pressure 
of  a  liquid  on  its  surface. 

7.  lliat  air  is  porous  in  a  very  high  degree  appears  firom  its 
readily  yielding  to  pressure ;  but  like  all  material  oodies  it  pos- 
sesses the  property  of  impenetrability,  for  though  a  considerable 
balk  of  this  fluid  may  be  forced  into  a  comparatively  small  space, 
there  must  be  a  limit  beyond  which  the  utmost  pressure  will  cease 
to  have  any  effect.    The  resistance  of  air  to  pressure   may  be 

What  effeet  did  Perkins  obtain  by  subjecting  air  to  the  pressure  of  1900 
atmospheres } 

To  what  eonelusions  are  we  oondueted  by  these  experiments  on  gaseous 
bodies  ? 

What  are  the  most  striking  sensible  properties  of  atmospherie  air  } 

What  appears  to  be  the  mutual  relation  of  its  particles  to  each  other  ? 

*  See  Abstraets  of  PSpers  In  Philos.  Trans.,  vol.  li.  p.\%^ 
fidem,  P.S90L 
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demonBtraled  by  meana  of  b  syrin^  of  any  Icind  with  ft  Solid  pi^ 

'""  ■  for  if  the  pipe  oi  loweT  opening  be  firmly  closed  etter  iha 

a  has  been  drawn  up  so  as  to  fill  the  bansl  with  air,  it  will 

found  imposaible  to  thrust  down  tha  piston  again  completely 

while  Ihe  pipe  remains  ohstrucled. 

8.  Let  a  tall  narrowmonthed  fflass  jar  ai  bottle  be 

half  filled  with  water  A,  anda  funnel  C,  with  a  long 
tube,  be  inserted  in  the  mouth  of  the  bottle,  as  repre- 
sented in  the  mar^n,  and  firmly  secDied  atD,  by  luting 
or  by  passing  it  through  a  cork,  in  such  a  manner  that 
the  included  air  al  B  cannot  escape  between  the  fliD- 
nel  and  the  mouth  of  the  bottle.  Then  water  being 
ponred  into  the  funnel,  little  or  none  of  it  would  pasa 
into  the  bottle  ;  for  if  the  funnel  had  a  tube  aeveral 
feet,  or  even  yards  in  length,  so  as  to  give  the  adran- 
tage  of  strong  hydrostatic  pressure,  though  in  that  case 
tlie  air  al  B  would  be  compressed  into  somewhat  amallsr 
apace,  yet  no  imaginable  force  would  fill  the  bottle, 

which  of  course  would  burst  under  a  certain  degree  of  pressure. 

9.  Another  property  of  air  is  compressibility,  in  which  it  dit 
fers  most  esseniiaJiy  from  liquids.  It  has  been  elsewhere  stated 
that  water  undergoes  no  apparent  diminution  of  bulk  from  pres- 
sure unless  vast  force  is  applied  to  it;  and  other  liquids  in  dif- 
ferent degreea  resist  compression,  though  readily  dilated  by  heat 
and  contracted  bj  cold.  But  airs  and  gases,  thooffh,  as  we  have 
just  shotrn,  manifestly  endowed  with  impenetrability,  yet  display 
a  facility  of  contracUon  and  expansion  under  the  influence  of  pres- 
sure, which  is  completely  independent  of  temperature.  They  are, 
however,  most  poWerflilly  afiecled  by  changes  of  temperature  also ; 
their  built  increasing  or  diminishing  with  the  degree  of  heat  to 
which  they  are  exposed. 

10.  That  the  particles  of  air  can  be  compressed,  or  driven  by 
external  force  closer  to  each  other  than  they  were  before  that  farce 
was  applied,  mnet  be  apparent  from  the  experiments  adduced  to 
prove  the  impenetrabilily  of  air;  for  while  those  experiments 
show  that  the  particles  of  the  compressed  fluid  cannot  he  destroy- 
ed, but  will,  when  exposed  to  the  utmost  force,  still  occupy  a  cer- 
tain space,  yet  it  appears  that  contraction  always  takes  place  under 
the  influence  of  pressure  to  a  certain  extent;  and  hence  may  be 
inferred  anotherpropertyof  air  already  noticed,  namely  its  porosity ■ 

11.  The  compressibility  of  air  may  be  experimentally  ilia*' 
(rated  by  means  of  a  strong  glass  tube  closed  at  one  end,  like  ■ 
barometer  tube,  and  having  fitted  to  it  a  piston,  consisting  of  a  strong 
iron  wire  or  rod,  with  moisten  d  leather  fixed  to  one  end,  so  ^at 
it  may  move  up  and  down  in  the  tube  quite  air-tight.     Then,  the 

How  ii  itr  proted  to  potKll  the  propertv  of  impenflrabililv  .' 
Ill  »li*t  niiDDer  ii  irDiKDetrabiiilv  nianifcued  in  BUine  a  bottle  with 
liquid  > 

Hnw  do  gaau  differ  from  liquidi  in  regard  to  conipreuibllil]!  I 
How  ramy  the  compretubUily  Of  ait  be  i:x^cim«nlaUy  iUuural^  I 
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obe  being  full  of  air,  the  piston  is  to  be  adapted  to  the  open  end, 
nd  if  it  be  cautiously  pressed  down,  the  air  may  be  reauced  to 
tbout  one-half  of  its  original  bulk,  without  using  much  force,  and 
>y  stronger  pressure  the  fluid  may  be  yet  further  condensed,  but 
it  length  the  resistance  will  be  such  as  to  preclude  the  possibility 
)f  any  greater  compression. 

12.  The  most  remarkable  among  the  properties  of  air  is  elas- 
icity,  depending  on  its  expansive  power,  m  consequence  of  which, 
when  its  dimensions  have  been  reduced  by  pressure,  it  immediate- 
ly recovers  its  bulk  on  the  cessation  of  the  com}»ressing  force. 
Fhus,  if  the  piston  of  a  common  syringe  is  pushed  down  while 
the  air  is  prevented  from  escaping  by  the  pipe,  as  soon  as  the  pres- 
sure is  withdrawn  the  piston  will  be  raised  by  the  expansion  of 
the  included  air.  To  this  property  of  air  or  gas  is  owing  the  force 
with  which  a  pellet  of  wet  paper  is  driven  from  a  school-boy's 
popgun ;  and  this  insignificant  little  engine  acts  on  the  same  prin- 
ciple with  the  air-gun  and  other  philosophical  instruments,  which 
will  be  subsequently  noticed. 

13.  Gravity  or  weight  is  another  very  important  property  of  air, 
which  it  possesses  in  common  with  solids  and  liquids.  Common 
air,  as  being  comparatively  lighter  than  water,  will  when  set  free 
below  the  surface  of  that  liquid,  rise  through  it,  in  the  form  of 
transparent  bubbles.  This  is  an  effect  of  hydrostatic  pressure,  in 
consequence  of  which  bodies  of  inferior  specific  gravity  to  water 
when  immersed  in  it  are  pressed  towards  its  surface ;  and  thus  it 
happens  that  a  cork,  a  drop  of  olive  oil,  or  a  bubble  of  air  or  gas 
will  float  on  the  surface  of  water,  and  when  forcibly  pressed  be- 
neath it,  rise  agrain  to  the  top  as  soon  as  the  force  that  kept  it 
down  ceases  to  act. 

14.  The  weight  of  air  may  be  ascertained  in  the  same  manner 
as  that  of  liquids  or  solids,  by  the  common  operation  of  weighing 
it  with  a  'balance.     But  in  consequence  of  its  extreme  expansi- 
bility, some  peculiar  precautions  are  necessriry  in  performing  this 
operation,  even  when  no  great  nicety  is  required.     These,  however, 
will  be  subsequently  noticed ;  and  it  will  be  sufficient  at  present 
to  state  that  by  means  of  a  large  bottle  with  a  stop-cock  and  a 
syringe  adapted  to  it,  the  weight  of  a  given  quantity  of  air  may 
be  discovered.     For  suppose  the  stop-cock  to  be  left  open  and  the 
bottle  weighed  in  that  state,  when  of  course  it  will  be  full  of  air, 
then  the  weight  of  the  bottle  and  the  included  air  having  been 
Doted,  the  air  must  be  drawn  out,  as  completely  as  possible,  by 
screwing  the  syringe  on  to  the  stop-cock,  and  working  the  piston ; 
the  stop-cock  is  then  to  be  turned  so  as  to  close  the  bottle,  which 
on  being  weighed  again,  after  being  unscrewed  from  the  syringe, 
will  be  found  to  have  lost  a  portion  of  its  weight  equal  to  that  of 
the  quantity  of  air  which  it  would  hold, 

Wliat  eflTeet,  resulting  from  elasticity,  follows  the  compression  of  air  ? 
Wliat  familiar  facts  illustrate  this  position  ? 
What  causes  the  rise  of  bubbles  oi  air  through  a  mass  of  Uc^v^l 
Hov  Is  the  weijj^  of  air  demonstrated  ? 
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15.  A  cubic  foot  of  air  weighs  about  533  grains ;  and  eonss- 
']iicnt1y  a  cubic  inch  will  wei^  somewhat  more  than  J3  of  a  gniiit 
therefore  if  the  bottle  would  hold  three  pints,  its  capacity,  solid 
measure,  would  be  rather  more  than  100  cubic  inches,  so  that  if  it 
could  be  perfectly  exhausted,  it  ought  to  weigh  .Sx  100=30  grains 
more  when  weicrhed  with  the  stop-cock  open,  than  it  does  aAor 
the  air  has  been  extracted  from  it.  By  using  an  air-pump  instflid 
of  a  syringe,  a  bottle  with  a  stop-cock  may  he  so  nearly  exhausted 
of  air,  as  to  leave  behind  no  auantily  sufficient  to  interfere  in  dit 
slightest  degree  with  the  result  of  this  experiment. 

Different  Kinds  of  Air$  or  Gases, 

16.  Common  air,  which  forms  the  atmosphere  surrounding  oa 
all  sides  the  earth  which  we  inhabit,  was  long  supposed  not  only 
to  be  a  simple  elementary  body,  but  even  afler  its  mechanical  pro* 
perties  had  been  investigated,  and  great  progress  had  been  made 
in  the  study  of  the  laws  of  nature,  very  erroneous  ideas  were  re- 
tained concerning  the  composition  of  air,  and  it  was  imagined 
that  all  elastic  fluids  were  essentially  the  same.  It  is  now  known 
that  atmospheric  air  is  a  compound,  consisting  of  two  different 
species  of  air  or  gas,  one  of  which,  called  oxygen  gas,  and 
sometimes  vital  air,  is  necessary  to  the  support  of  animal  life ;  alld 
tlie  other,  named  nitrogen  pr  azotic  gas,  when  inspired  alone,  is 
injurious  to  animals.  Both  these  gases  are  capable  of  entering 
into  combination  with  many  other  b^ies  of  very  different  kind8« 
and  producing  compounds,  some  of  which  are  usually  in  the  solid 
or  liquid  state,  and  others  in  the  form  of  permanent  gases.  There 
are  likewise  other  gaseous  bodies  besides  oxygen  and  nitrogen 
which  have  never  been  decomposed,  and  are  therefore  considered 
as  simple  forms  of  matter ;  and  these,  together  with  the  various 
compound  gases,  constitute  a  very  numerous  class  of  bodies, 
which  possess  different  degrees  of  elasticity  and  weight,  and  by 
thoir  consequent  pressure  on  solids  and  liquids,  produce  equili- 
brium or  motion ;  and  hence  they  are  capable  of  being,  applied  to 
various  important  purposes. 

17.  The  peculiar  nature  and  effects  of  the  combinations  of  the 
gases  witli  each  other  and  with  solid  and  liquid  substances  cau 
only  he  ascertained  by  the  application  of  tlie  principles  of  chemi* 
cal  science ;  but  the  action  of  the  gases  or  airs,  so  far  as  it  depends 

What  is  the  weight  of  a  cubic  foot  of  air  ? 

About  how  many  grains  less  will  a  three-pint  bottle  weigh  when  ex- 
hausted than  when  filled  with  air  ? 

What  opinion  prevailed  among  the  early  philosophers  in  regard  to  the 
nature  of  air  ? 

How  were  all  gaseous  bodies  regar<led  ? 

Of  what  materials  is  atmospheric  air  composed  ? 

What  aimIo{^y  have  oxygen  and  nitrogen  with  other  gaseous  bodies  P 

What  differences  exist  in  the  mechanical  properties  of  the  gases  ? 

How  far  does  the  examination  of  gaseous  bodies  belong  to  tJhe  sciense 
of  pneumatics  ? 
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Ml  their  mechanical  properties,  forms  the  appropriate  suhject  of 
Pneumatics. 

16.  Thongh  atmospheric  or  common  air,  as  beiiisr  by  far  the 
ttost  ahundant  and  generally  dififuscd  of  all  elastic  fluid.sris  thcre- 
fbte  usually  employed  as  the  medium  of  pneumatic  prpssims  yet 
since  the  recent  researches  of  men  of  Rcienco  have  mach;  \is  ac^ 
painted  with  the  Tariety  of  those  fluids  and  thoir  several  proper- 
lies,  it  appears  that  some  of  them  may  be  adapted  to  the  purposes 
of  art  with  greater  advantage  than  others,  ana  atmospheric  air  is 
no  longer  the  only  kind  of  gas  made  use  of  as  a  movinir  powrr. 

19.  Fhe  discovery  of  elastic  fluids  much  ]i<^htr.r  than  tlie  atino-fi- 
sphere  has  given  origin  to  the  art  of  Aerostation,  or  $oariii<r  throuj^h 
the  air  in  an  inflated  balloon ;  the  explosion  of  <runpowdtir,  and  the 
projectile  force  of  balls,  shells,  and  otherinissih\s  discharjrt»<l  from 
artillery,  depends  on  the  elasticity  of  a  peculiar  kind  of  air  formed 
by  the  deflagration  of  nitre,  sulphur  and  charcoal,  composinjj  ffun- 
powder;  and  the  combustion  or  burning  together  in  close  vessels 
of  oxygen  ffas  with  another  kind  of  gas  call(?d  hydrofifon  forms 
water,  which,  being  a  liquid,  nearly  the  whole  space  taken  up  by 
the  gases  previously  to  their  combustion  becomes  a  vacuum,  and 
thus  pressure  may  be  produced,  and  a  movinor  power  obtained. 

20.  ITie  application  of  the  vapour  of  water  to  cause  motion  by 
the  alternate  expansion  and  condensation  of  steam  alTords  an  ex- 
ample of  the  advantageous  adaptation  of  a  non-permanent  gas  to 
the  most  important  purposes;  and  if  convenient  means  can  be 
discovered  for  the  liquefaction  of  common  air  and  other  gases  by 
pressure  and  reduced  temperature,  as  appears  probable  from  the  re- 
searches of  Mr.  Faraday  and  others,  it  may  hv.  expected  that  ma 
chines  will  bo  invented  as  far  superior  in  some  respects  to  the 
steam-engines  now  used,  as  Mcy  are  to  those  which  were  con- 
structed m  the  early  part  of  the  last  century. 

21.  As  the  mechanical  effects  of  the  different  gases  when  they 
act  by  pressure  must  depend  on  their  relative  specific  orravities,  it 
is  of  importance  that  those  should  be  accurately  ascertamcd.  The 
following  table  will  show  the  respective  weiofhts  of  equal  quanti- 
ties by  measure  of  several  elastic  fluids,  including  those  which 
are  of  the  greatest  importance,  on  account  of  their  frequent  occur- 
rence and  Uie  valuable  purposes  to  which  they  have  been  applied. 

Weight  of  100  cubic  inclics.  Specific  gravity. 
Atmospheric  air        -        -        30.5  grains  -      1. 

Oxygen  Gas     -        -        -        33.8  -  1.111 

Nitrogen  Gas   -        -        -        39.25  0.973 

Nitrous  Oxide  -        -        -        46.5  -  -      1.627 

To  what  meehanicft]  purposes  hare  the  gases  other  than  common  air 
wn  applied  ? 

By  what  species  of  force  is  motion  impressed  on  projectiles  ? 

How  docs  the  alternate  formation  and  condensation  of  uon-permanent 
^poar  afford  a  meehanical  agent  ? 

How  much  do  100  cubic  inches  of  common  air  Nve\^V\  \    Woni  Tf!iL\V(^ 
^  same  bnJk  of  axjrgen  /  of  nitrogen  ?   nitrous  oxide }  Y^^dro^jca^  ^(m- 

q2 
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Hydro^nGas-        -        -  8.13  ...  0.069 

Carbonic  Acid  -        -        46.5  ...  1.529 

Chlorine  Gas   -        -        -        76.3  ...  s.qoo 

Subcaibaretted  Hydrogen  Gas*  16.9  -        .        .  0.555 

Carburetted  Hydrogen  Gas*     39.6  ...  0.973 

Steam      ....        18.8  ...  0.519 

S3.  From  this  table  it  may  be  perceived  that  gaseous  bodies 
differ  greatly  from  each  other  in  specific  gravity ;  chlorine  being 
2^  times  the  weight  of  common  air,  and  hydrogen  only  about 
7-100  the  weight  of  that  fluid,  so  that  common  air  is  nearly  15  times 
the  weight  of  hydrogen.  Steam  has  bat  little  more  than  half  the 
weight  of  atmospheric  air,  and  hence  it  rises  through  the  air,  in 
the  same  manner  that  a  piece  of  deal  or  cork  rises  in  water. 

EUuticity  of  Air, 

33.  The  most  obvious  and  effective  property  of  air  is  its  elasti- 
city, to  which,  with  its  gravity  or  weight,  are  to  be  attributed  the 
phenomena  of  equilibrium,  or  motion  in  bodies  under  the  influence 
of  pneumatic  pressure.  In  addition,  therefore,  to  what  has  been 
already  stated  concerning  these  properties,  a  more  detailed  inves- 
tigation of  their  nature  and  action  will  be  requisite  in  order  to  the 
fuller  elucidation  of  that  branch  of  science  now  under  our  notice. 

24.  The  elasticity  of  air  appears  from  its  resistance  to  pressure. 
The  application  of  a  heavy  weight,  or  any  external  force  to  a 
woolpack  or  a  bag  filled  with  twisted  horsehair  would  cause  the 
pack  or  bag  to  give  way,  and  become  more  or  less  contracted,  bat 
on  the  removal  of  the  force  it  would  expand  to  nearly  its  original 
dimensions.!    What  thus  takes  place  is  manifestly  owing  to  the 

bonicacid?  chlorine  ?  suboarburetted  hydrogen?  carburetted  hydrogeD? 
steam  ? 

What  substance  is  generally  assumed  as  a  standard  of  comparison  in 
stating  the  specific  gravities  of  the  gases  ? 

What  are  the  several  specific  gravities  of  the  gases  compai*ed  witli  that 
substance  as  unity  ? 

How  many  times  heavier  is  common  air  than  hydrogen  gas? 

How  much  lighter  is  common  steam  than  atmospheric  air  ? 

What  property  of  air  is  most  important  in  reference  to  its  mechanical 
agency  ? 

*  The  gases  procured  from  the  distillation  of  coal  and  from  oil  con- 
sist principally  of  subcarburetted  hydrogen,  or  li^ht  inflammable  air, 
and  carburetted  hydrogen,  or  heavy  inflammable  air.  As  tliese  gssOt 
which  are  now  generally  used  for  lighting  streets  and  shops,  are  fi'e- 

Jiuently  mixed  with  other  gases,  the  specific  gravity  must  vary,  in  dif- 
erent  specimens,  witii  the  degree  of  purity.  Coal-gas,  after  it  has  been 
purified  is  found  varying  in  specific  e^ravity,  froqp  .450  to  .700  ;  while  oil- 
gas,  which  contains  a  larger  proportion  of  carburetted  hydrogen,  is  much 
heavier,  and  therefore  yields  moi*e  li^ht  in  proportion  to  its  bulk. 

t  The  manner  in  which  elastic  bodies  act  is  strikingly  illustrated  by  the 

novel  application  of  spiral  springs  of  iron  wire  in  tlie  constructioD  of 

vJuaiio  ehairs  and  beds.    Dr.  Var\%,  ^\w(k  \io\.\«e&  this  iuventiou  in  hii 
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fuan  and  texture  of  the  incladed  sabstances ;  the  particles  of  which 
«I6  separated  by  numeroue  interstices,  and  therefore  readily  yield 
Id  the  force  applied  at  the  surface,  which  drives  them  nearer  to- 
gether without  destroying  their  elasticity,  or  disposition  to  re^in 
ttieir  previous  situation,  and  hence  they  recede  from  each  other, 
when  the  force  which  made  them  approach  is  withdrawn.  A 
bladder  filled  with  air  may  thus  be  compressed  by  saucezin?  it 
with  the  hands,  and  it  will  swell  out  again  as  soon  as  it  is  reliev- 
ed from  the  pressure,  owing  to  its  particles  being  endowed  with 
a  power  of  repulsion;  for  in  proportion  as  they  are  left  at  liberty 
tiiey  exhibit  a  tendency  to  expand  in  every  direction,  so  that  their 
absolute  dispersion  through  boundless  space  can  only  be  prevented 
by  the  influence  of  pressure. 

25.  The  elasticity  of  the  air  is  most  convincingly 
demonstrated  by  the  operation  of  the  machine  called 
an  air-pump,  the  construction  of  which  is  similar  in 
principle  to  that  of  the  syringe.  By  adapting  two 
stop-cocks  to  a  common  syringe,  and  forming  by 
means  of  them  a  communication  with  a  vessel  of 
convenient  shape  and  dimensions,  a' rude  and  im- 
perfect kind  of  air-pump  mig-ht  b^  contrived,  by 
means  of  which  air  included  in  the  vessel  might 
be  considerably  rarefied  or  condensed.  The  effect 
thus  produced  will  appear  from  the  annexed  figure, 
VI  which  A  B  represents  a  syringe  with  a  solid  pis- 
ton, C  a  cock,  which  when  open,  leaves  a  commu- 
nication between  the  barrel  of  the  syringe  and  the 
glass  globe  E ;  and  D  another  cock  which  opens 
a  communication  with  the  external  air.  If  now 
we  suppose  the  piston  to^  be  at  the  bottom  of  the 
barrel,  and  the  cock  D  shut,  then  on  drawing  the  piston  up 
to  A,  a  part  of  the  air  in  the  globe  will  rush  into  the  barrel, 
and  the  whole  mass  of  the  included  air  will  become  expanded ; 
the  cock  C  is  then  to  be  closed  and  the  cock  D  opened,  when 
the  piston  being  pressed  to  the  bottom  of  the  barrel,  the  air  it  con- 
tained will  be  expelled  through  the  open  cock ;  this  is  next  to  he 
shut,  and  the  cock  C  opened,  and  on  drawing  up  the  piston  again, 
the  air  in  the  globe  will  become  further  rarefied ;  and  these  opera- 
tions, the  alternate  opening  and  shutting  of  the  cocks,  and  raising 
and  depressing  the  piston,  may  be  continued  till  a  high  degree  of 
rareflcation  is  produced.  This  apparatus  is  called  an  exhausting 
syringe. 

Wlicnce  does  this  property  become  apparent  ? 

What  familiar  illustration  shows  the  nature  of  this  action  ? 

How  is  the  dispersion  of  air  through  the  regions  of  space  prevented  ? 

What  machine  demonstrates  most  satisfactorily  the  elasticity  of  air? 

Explain  the  simplest  form  of  this  machine. 

"  Philosophy  in  Sport  made  Science  in  Earnest,'*  says,  **  Down  itself  can« 
not  be  more  gentle  nor  springy  ;  and  such  beds  never  require  to  be  shaken 
or  nude.*' 


St>.  'flie  eanie  apparBtna  may  be  employed  to' effect  the  eoD> 
densalion  of  the  innfoaed  air,  by  dmwingf  up  the  piston  viththe 
cock  C  shut,  and  D  open,  and  tbruatlng  dotm  wlUi  C  open,  lod 
D  shut;  forbrcantlnmnff  this  process,  air  wonld  be  made  toentet 
by  the  cock  D,  and  be  afterwards  forced  into  the  globe  E.  Ilia 
apparatuB  now  takes  the  name  of  a  condensing  ajringe;  thongll 
Talvea  which  open  and  shut  bj  the  mere  preesure  &nd  expu- 
Bion  of  the  included  air  are  uBuallj  sahatituted  for  the  atop- 
cocka.  Valves  are  more  conreEiient  than  stop-cocks,  as  re> 
'quiring  less  labour  and  attention  on  the  part  of  the  operator;  but 
a  much  higher  degree  of  exhaustion  can  ne  effected  by  means  at 
a  Hjringe  furnished  with  the  latter  then  by  osing  the  common  ex- 
hauating  syringe  willi  valvea;  yet  these  are  generallj  adopted  ia 
the  construction  of  exhausting  and  condensing  Bjringee  and  air- 
pumps,  as  being  much  less  expensive  than  etop-cocka,  and  more 
easily  kept  in  proper  order. 

97.  The  air-pump,  as  might 
be  inferred  from  its  wp^W 
tion,  is  a  machine  nr  ex- 
tracting air  oot  of  a  cloee 
Teasel,  and  thus  prodndng 
within  it  a  degree  of  rare- 
faction nearly  approaching  to 
a  Tacuum ;  it  being*  impo^ 
Bible,  as  we  shall  aubse- 
quenlly  show,  to  form  a  per- 
fect vacuum,  by  this  or  any 
1  other  apparatus ;  though  the 
I  exhaustion  may  be  carried 
so  far  that  the  remaining  air  ' 
will  not  at  all  interfert  i^ith  the  results  of  our  experiments. 

38.  The  figure  in  the  margin  exhibits  a  section  of  an  air- 
pump,  from  which  it  may  be  perceived  that  it  eBSentially  consisli 
of  two  exhausting  syringes,  so  arranged  that  they  can  be  worked 
alternately.  The  eyringea  are  marked  A  A,  and  their  pistons  are 
moved  up  and  down  within  the  barrels,  by  the  racks  or  toothed 
rods  B  B,  adapted  to  corresponding  teeth  on  the  periphery  of  the 
wheel  C,  having  a  winch  or  handle  M,  by  which  it  may  be  turned 
BO  as  to  raise  and  depress  either  piston  successively.  Each  of 
the  pistons  is  furnished  with  a  valve  by  which  the  air  escapes  as 
tiie  piston  descends,  and  there  are  other  valves  D  D,  at  the  bottom 
of  each  barrel,  which  become  closed  by  either  piston  in  iU  de- 
scent, but  when  it  is  drawn  up,  open  a  passage  into  the  tube  E  E, 
commnnicating  with  the  cavity  of  the  glass  bell  F,  called  a  re- 


•t  pnrpoie  ia  lerred  b;  the  atop-coefci  or  nlvei  of  an 
le  alr-pamp  adequate  to  produce  perfect  exbauitioo  w: 


3hBIUtlB( 


Ud  to  the  juitotu  of  u 


THE   AIR-PUKP.  189 

edifsr.    From  the  tabe  E  paeses  off  another  tiibe  G,  the  extremity 
I      of  wjiich  opens  into  Uie  bell-shaped  tube  K,  within  which  is  a  small 
biflin  H,  containing  mercury,  and  the  small  tube  I,  closed  at  the 
.      opper  end  only,  has  its  lower  end  plancred  beneath  the  surface  of 
the  mercnjy.    At  L  is  a  stop-cocK,  which  when  closed  cuts  off 
the  communication  between  the  receiver  and  the  singes,  and 
wiiioh  iBUSt  therefore  be  opened  while  the  machine  is  put  in  ac- 
tion.   Ajiother  stop-coek,  not  shown  in  the  figure,  closes  a  pass- 
age throoffh  which  the  external  air  may  be  admitted  under  the  re- 
ceiveTy  wpen  tbe  result  ai  an  experiment  has  been  ascertained. 

39.  There  is  so  little  difference  in  the  mode  of  action  of  the 
aii^ump  and  the  exhausting  syringe  before  described  that  the  ef- 
fect of  the  former  will  be  readily  understood.  Either  syringe  in 
,  tarn,  by  the  elevation  of  its  piston,  and  the  consequent  closure  of 
i  the  pisUm-valve  and  opening  of  the  valve  D,  draws  a  portion  of 
air  uom.  the  receiver  F,  through  the  tube  E  E  ;  and  the  alternate 
depression  of  each  pbton,  by  the  elasticity  of  the  air  inclosed  in 
the  burel,  shuts  the  valve  D,  and  prevents  the  air  from  returning 
into  the  receiver,  at  the  same  time  that  it  opens  the  valve  of  the 
descending  piston,  and  finds  a  passage  into  the  upper  part  of  the 
barrel,  whenee  it  is  expelled  by  the  piston  in  its  next  ascent. 
Tlius,  the  reciprocal  action  of  the  syringes,  by  means  of  the  rack- 
w(Nrk,  may  be  continued,  till  the  requisite  degree  of  rarefaction 
be  prodaeed  in  Ae  air  within  the  receiver.  The  only  part  of  the 
apparatus  requiring  further  explanation  is  the  air-^ug:e,  consisting 
of  the  tube«i  K  and  I,  and  the  basin  of  mercury  H,  with  which  the 
.    latter  tubs  is  connected. 

j  30.  The  air  within  the  tube  K,  by  its  pressure  on  the  sur&ee 
I  of  the  mercoiy  in  the  basin,  will  keep  that  portion  of  the  same 
fluid  in  the  tube  I  raised  to  a  height  exactly  proportioned  to  the 
density  of  the  inclnded\ir,  which  must  be  the  same  with  that  in 
the  receiver,  in  consequence  of  the  communication  by  the  tube  G ; 
and  thus  the  height  at  which  the  mercury  stands  in  me  small  tube 
I  will  serve  as  a  gauge  or  measure  of  the  elasticity  and  weight  of 
the  included  air,  being  always  in  the  inverse  ratio  of  the  rarefac- 
tion which  has  taken  place. 

31.  It  may  be  proper  to  add  that  the  edge  of  the  receiver  must 
be  ground  perfectly  smooth  and  level  throughout  its  circumference 
that  it  may  fit  closely  to  the  brass  plate  of  the  air-pump  on  which 
it  rests ;  and  that  it  may  prevent  the  entrance  of  the  air  more  ef- 
fectually, it  must  be  smeared  with  grease,  or,  as  is  more  usual,  set 
on  a  collar  of  oiled  leader,  and  thus  the  junction  of  the  receiver 
with  the  Burfaoe  below  it  will  be  rendered  impervious  to  the  air. 

What  ie  the  purpose  of  the  mereurial  apparatus  connected  with  the 
air-pump  ? 

What  ffloses  the  lower  valve  of  the  pump  oo  the  descent  of  the  piston 
vithin  the  barrel } 

What  ratio  is  nresenred  between  the  height  of  mercury  in  the  gauge 
and  the  degree  oi  rarefiiotion  in  the  receiver  ? 

What  praotieal  preetutlona  are  usually  necessary  to  "^eten^  ^^  TVX%« 
h^oa  ootMiaed  bjr  the  uetioD  of  tlie  air-pump  ? 
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32.  A  multitude  of  experiments,  serving  to  demonstrate  the 
elasticity  as  well  as  the  weiffht  of  air,  may  be  satisfiictorily  per- 
formed by  means  of  this  madiine,  which  was  originally  inyented 
by  Otho  Guericke,  a  German  philosopher,  in  the  latter  part  of 
the  seventeenth  century,  and  having  been  rendered  more  effective 
by  the  skill  and  science  of  Boyle  and  Hooke,  it  subsequently  un- 
derwent numerous  improvements,  some  of  the  most  important  of 
which  we  owe  to  the  ugenuity  of  Smeaton,  the  celebrated  engi- 
neer, of  Dr.  Prince  of  Salem,  in  Massachusetts,  and  Ehr.  Hare 
of  Philadelphia.*  But  the  principle  and  general  plan  of  this  phi- 
losophical mstrument,  under  the  various  forms  in  which  it  has 
been  constructed,  correspond  with  the  descriptive  statement  al- 
ready laid  before  the  reader. 

33.  The  elastic  force  of  atmospheric  air  may  be  rendered  obvi- 
ous by  placing  under  the  receiver  of  an  air-pump  a  bladder,  which 
has  been  about  half  filled  with  air  and  firmly  tied  at  the  neck  so 
as  to  prevent  it  from  escaping;  for  on  exhausting  the  receiver  gra 
dually,  the  bladder  will  be  seen  to  swell,  from  the  expansion  of 
the  air  within  it ;  and  if  the  exhaustion  be  continued  long  enough, 
the  bladder  will  burst,  firom  the  elastic  force  of  the  air  it  con- 
tained, no  longer  counterbalanced  by  pressure  on  the  external 
surface. 

34.  A  square  or  flat  glass  phial,  filled  with  air,  well  coiked  and 
fastened  with  wire,  if  placed  under  the  receiver,  will  oraek  from 
the  expansion  of  the  air  within  it,  as  soon  as  the  pressure  it  with- 
drawn from  its  surface  by  the  exhaustion  of  the  receiver.  A  phial 
of  the  usual  shape  would  resist  force  applied  internally  or  exto^ 
nally,  much  better  than  one  with  flat  sides,  in  consequence  of  its 
arched  figure ;  hence  the  globular  or  hemispherical  shape  of  the 
receiver,  renders  it  best  adapted  for  its  purpose. 

35.  Shrivelled  apples,  prunes,  or  raisins,  with  their  skins  ui- 
broken,  when  placed  under  a  receiver,  on  the  air  being  exhausted, 
will  become  plump  from  the  elasticity  of  the  air  included  in  those 
fruits ;  and  thus  a  bunch  of  dried  raisins  may  be  made  to  assume 
the  appearance  of  a  fine  cluster  of  grapes,  and  a  similar  apparent 
renovation  may  be  effected  on  the  apples  and  prunes ;  but  on  read- 
mitting the  air  into  the  receiver  the  fruits  would  all  resume  the 
wrinkles  which  betray  their  age. 

36.  If  a  large  glass  globe  with  an  open  mouth  have  a  piece  of 

By  whom  and  at  what  period  was  the  air-pump  invented  f 

Who  have  contributed  towards  its  improvement  ? 

How  is  the  elasticiQr  of  the  air  proved  by  the  experiment  of  the  flaeeid 
bladder  ? 

What  will  occur  when  a  thin  flat  or  square  phial  is  placed  under  a  re- 
ceiver, and  the  air  exhausted  while  the  phial  remains  corked  ? 

How  may  shrivelled  fruit  be  temporarily  restored  to  a  plump  appesr* 
ance  ? 

Explain  the  experiment  of  the  glan  globe  and  bladder. 

*  See  Journal  of  the  Franklin  Institute,  vol.  xiL  p.  SOS. 
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Uiddn  tied  oTflT  it,  BO  Recarelj  Uiat  tiie  air  within  it  carrnot  ea- 
opa  iridle  the  bladder  remainii  wlinle,  and  it  be  set  under  a  le- 
CMW,  while  the  air  ia  being  withdrawn  ftoto  it,  that  wilhtn  the 
(lobe  will  expand  by  its  elastic  force,  and  raise  the  bladder  to  a 
MDTex  sbwe,  distending  it  more  and  more  as  the  exhaustion  ia- 
neasea,  till  at  length  the  bladder  will  be  ruptured,  and  the  air  in 
the  globe  will  expand  itself  through  the  receiver. 

37.  Let  a  am^l  ajringe,  having  a  weight  fastened  lo  the  faan- 
iDb  of  the  pieton  be  cloaed  with  a  coric  at  the  end,  tied  down  with 
t  piece  of  bladder,  so  that  on  pulling  up  the  piston  the  air  could 
DM  enter;  then  let  it  be  suspended  in  an  inverted  position  with 
An  weight  downward,  under  the  receiver  of  an  air-pump  ;  upon 
extracting  part  of  the  air  from  the  receiver,  the  weight  at  the  han- 
die  will  draw  down  the  piston,  and  on  readmitting  the  air  the 
piilOD  will  rise  asain.  In  this  case  the  partial  exhaustion  of  tbe 
receiver  leaaena  £e  elasticity  of  the  included  air  so  considerably 
that  it  is  unable  lo  aapport  the  weight;  and  on  letting  in  the  air 
■gain,  it  will  recover  its  elastic  force  and  raise  the  piston  with  the 
•ttached  weieht,  in  the  same  manner  aa  it  would  be  raised  b;  the 
presanre  of  £e  external  air. 

38.  A  very  amusing  exhibition  of  the  effect  pro- 
J   duced  by  the  elasticity  of  the  air  may  be  made  by 

_r  .1.- ...„ _„_.„j   .^  thg  niargjn. 

^  .  .       ^      B,  about  an  inch       '      ■    ■'  ■ 

length,  resembling  n:  ... 

each  having  a  hole  in  one  foot,  and  the  glass  must  be 
of  anch  thickness  that  the  figures  will  float  near  the 
%ce  of  water  when  they  are  filled  with  common 
___.  They  are  then  to  be  immersed  in  a  tall  glass 
jar  nearly  filled  with  water,  and  covered  on  the  lop 
with  a  strong  bladder,  fastened  air-tight.  If  the  blad- 
der DOW  be  pressed  inwards  with  the  linger,  the  water 
b^ng  almost  oKomprtetible,  and  the  air  quite  the  re- 
verse, that  contained  in  the  little  images  will  yield  to 
the  compressing  force,  and  becoming  contracted,  wa- 
ter will  enter,  and  the  images  thus  becoming  speci- 
fically heavier  than  they  were  at  firet  will  descend 
towards  the  bottom  of  the  jar;  on  the  pressure  above  being  re- 
moved, the  air  in  each  image  recovenng  its  elastic  force,  will 
expel  the  water,  and  the  images  vrill  rise  as  before.  By  forcing 
1  tittle  water  Into  one  or  two  of  the  figures  before  they  are  placed 
in  the  jar,  they  may  easily  be  made  to  float  at  different  heights ; 
ind  thus  their  motions  may  be  greatly  varied,  by  regulating  the 
prsesure  on  the  bladder.     These  diminutive  images  have  been 

How  maj  the  «|rH|^  and  wdglil  be  mmde  to  exhibit  the  allernile  ei- 

puiiiOD  and  contrulion  of  mir  ? 
DcHrilte  die  pnenmilia  Id^  olied  Ibe  boUle  of  iinjii, 
la  whiit  miinner  nnj  the  impt  bk  made  to  riae  from  (he  bottom  ot 

■Hf  r,  and  how  [■  the  experimenl  to  be  eipUined  ' 
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whimsically  called  bottle-imps;  and  their  mlity  mutt  appear 
wonderful  enough  to  those  who  are  ignorant  of  the  cause  of  it* 

39.  The  elasticity  of  the  air  may  be  farther  illustrated  by 
placing  an  open  jar  containing  a  single  glassr  figure,  and  filled 
with  water,  under  the  receiver  of  w  air-pump,  only  the  figure 
must  be  just  heavy  enough  to  sink  to  the  bottom  of  the  jar  under 
the  usual  pressure  of  the  atmosphere.  Then  on  exhausting  the 
receiver,  and  thus  diminishing  the  elasticity  and  consequent  pres- 
sure of  the  included  air,  the  density  of  the  water  remaining  the 
same,  the  figure  will  gradually  rise,  as  the  air  becomes  more  rari- 
fied,  till  it  reaches  the  surfieice  of  the  water,  where  it  will  fioat, 
till  the  air  is  again  admitted  into  the  receirer,  on  which  it  will 
descend  to  the  bottom  of  the  jar. 

40.  Abundant  proof  of  the  compressibility  and  elastic!^  of  the 
air  may  be  drawn  from  the  consideration  of  the  mode  of  action 
of  the  common  domestic  utensil,  a  pair  of  bellows.  This  will  at 
once  appear  on  attending  to  the  effect  of  the  valve  or  leathern  flap. 
This  valve  rises  when  the  boards  are  separated,  and  the  air  entere 
through  the  hole  in  the  lower  board,  which  on  pressing  together 
the  boards  again  becomes  closed  by  the  falling  of  the  valve,  and 
the  air  having  no  other  vent,  makes  its  exit  though  the  pipe  in  a 
dense  current. 

41.  The  double  bellows,  used  by  blacksmiths  and  other  artisans, 
differs  from  the  machine  just  described  in  having  an  intermediate 
board,  which  is  fixed,  while  the  others  are  moveable,  so  that  it 
consists  of  two  air-chambers  instead  of  one ;  and  a  hole  in  the 
middle  board,  with  a  valve,  suffers  the  air  which  has  been  drawn 
into  the  lower  chamber  through  the  hole  below  to  pass  into  the 
upper  chamber,  where  it  becomes  condensed  by  the  pressure  of  a 
weight  fixed  to  the  upper  board,  and  is  discharged  in  a  continued 
stream  through  a  pipe  connected  with  the  upper  chamber.  The 
lower  board  is  moveable,  and  when  it  sinks  by  its  own  weight, 
the  valve  opens,  and  shutting  again  when  the  board  is  raised  by 
means  of  a  lever  or  some  other  contrivance,  the  air  is  prevented 
from  escaping  by  the  valve-hole,  and  is  therefore  forced  into  the 
upper  chamber. 

42.  A  kind  of  bellows  or  blowing  machine,  constructed  entire- 
ly of  wood,  was  invented  at  Bamberg  in  Bohemia  about  1620,  and 
was  thence  called  the  Bamberg  bellows.  It  consists  of  two  boxes, 
in  the  form  of  cylindrical  sectors ;  one  fitting  into  the  other  so  as 
not  to  prevent  it  from  being  moved  up  and  down,  but  without  sof" 

How  is  the  common  hand  bellows  constructed  ? 

How  is  a  constant  stream  of  air  maintained  by  the  doable  bellows  T 

Of  what  does  the  Bamberg  bellows  consist  ? 


*  French  writers  on  natural  philosophy  usually  exhibit  a  single  figure 

in  describing  tlie  counterpart  of  this  experiment     To  this  little  ena- 

melleci  figure,  petite  figure  d^email,  they  give  the  name  of  Lttdion. — ^V. 

Si^ud  de  la  Fond  Elem.  de  Phy s.,  vol.  iii.  p.  162.    Bendant  Tralte  Elem. 

i/e  Phj's.,  p.  306, 
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faille  the  air  to  escape  between  the  rides  of  the  boxe«.  It  is 
needuMB  to  describe  it  more  fully,  as  the  manner  in  which  it  acta 
may  be  eaaily  conceived  fiom  what  has  been  stated  above.  Va- 
liooB  modificatioDS  of  this  machine  have  been  adopted  in  eeta- 
blishmenta  for  smelting  metals,  and  other  purposes  connected  with 
the  arts  and  manufactures. 

43.  The  effect  of  air  acting  by  its  elastic  force  on  the  Burface 
of  water  may  be  variously  exhibited  in  the  formation  of  jelt  tTeaa, 
or  spouting  fountains.  Let  a  strong  decanter  be  Slled  la  about  half 
its  height  willi  water,  and  a  glass  tube  of  small  bore  be  passed 
JDto  it  ffaarly  to  the  bottom,  and  fixed  ur-tight,  going  through  a 
hole  drilled  in  a  cork,  with  a  piece  of  bladder  lied  over  it  and 
round  the  tube.  This  bottle  is  then  to  be  placed  under  a  tall  re- 
ceiver, on  the  plate  of  an  aii-pump ;  and  on  the  receiver  being 
«KhauBted,  the  tdr  within  ttie  bottle  will  expand,  and  pressing  on 
the  surface  of  the  water  cause  it  to  issue  from  ^a  top  of  the  tube 
in  a  jet,  the  height  of  which  will  be  proportioned  to  Uie  degree 
of  raretkcticn  of  the  air  under  the  receiver. 

4J  Compressed  ^r  may  be  maite  to  pro- 
duce a  similar  effect,  which  may  be  thus  dis- 
plajed;  a  strong  bottle  somewhat  more  than 
naif  filled  with  water,  as  represented  in  the 
marginH]  figure,  by  the  line  D  E,  must  have 
a  tube  A  C  fitting  into  its  necii,  and  capable 
of  being  opened  or  closed  at  pleasure,  by 
'  turning  the  stop-cock  B.  A  condensing  sy- 
ringe* being  adapted  to  tlie  tube  at  A,  and 
the  stop-cock  opened,  air  is  to  be  forced  into 
the  bottle,  which  rising  through  the  vratei, 
will  by  its  density  press  strongly  on  the  sur- 
foce  of  that  liquid ;  then  afier  turning  the 
•top-cock  the  synnge  is  to  be  removed,  and  a  small  jet-pipe  being 
fitted  to  the  tube  A,  the  stop-cock  is  to  be  opened,  and  the  elasticity 
of  the  condensed  air  in  the  bottle  will  drive  up  the  liquid  in  a  jet, 
the  height  of  which  will  gradually  diminish,  as  the  included  air, 
by  its  expansion,  approaches  nearer  and  nearer  lo  the  density  of 
the  external  air. 

45.  A  small  phial,  witii  a  well  fitted  cork,  having  a  little  tube 
or  a  stem  of  a  tobacco-pipe  passed  through  it,  and  reaching  near- 
ly to  the  bcltom  of  the  phial,  partly  filled  with  water,  will,  on 
blowing  strongly  into  the  bottle  through  the  pipe,  exhibit  effects 
precisely  analogous  to  those  of  the  appaiatna  just  described. 

46.  The  machine  called  Hero's  Fountain,  resembles  in  princi- 
ple those  noticed  above,  differing  from  them  only  in  the  manner 
in  which  the  GompressioB  and  consequently  increased  elasticity 
of  the  air  is  produced.     This  is  effected  by  means  of  a  column 

Eiphin  ihe  conilrnelion  of  the  fauntniTi  in  vieno. 

How  ii  (he  faree  of  air  igiplied  in  Ihe  cempreatd  ait  Jmtnlain? 

In  *lut  r«ip«t  doH  Hera><  foancsin  differ  from  Itu  ^TeeeA\nil 

'Seeabon,  Ho.W. 
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of  water,  as  will  appear  from  inspection  < 
annexed  fi^re,  representing  one  of  the  n 
ous  forms  in  which  such  spoutin?  fountainc 
beeir  constructed.  It  consists  of  an  open  ' 
A,  from  which  a  tube  passes  downward  I 
vessel  B,  from  the  opposite  side  of  which  ai 
tube  forms  a  communication  with  a  close  < 
over  the  basin  C,  having  a  jet-pipe  extendi 
most  to  the  bottom,  and  open  above  to  tl 
Water  having  been  introduced  into  the  bai 
more  water  isjto  be  poured  into  the  vessel . 
it  runs  down  the  tube,  and  fills  the  lower  p 
the  vessel  B,  and  compressing  the  air  in  i 

J——™  in  the  other  tube  and  cavity  above  it,  the 
g^^P^^^^Hl  in  the  basin  C,  will,  by  the  elastic  force  ( 
"^^^  ^"^  condensed  air,  be  driven  in  a  jet  from  the  ap 
at  D  ;  and  by  adding  water  to  that  iu  the  vessel  A,  the  em 
air  may  be  so  compressed  as  to  expel  nearly  all  the  watei 
the  basin  C.  The  principle  on  which  Hero's  Fountain  act 
been  heretofore  adopted  in  Germany,  in  forming  machines  t( 
water  from  mines ;  but  they  have  been  laid  aside  since  th( 
gress  of  science  has  led  to  the  construction  of  far  more  poi 
and  efficient  eucrincs  adapted  to  the  same  purpose. 

47.  A  familiar  example  of  the  elastic  pressure  of  the  air  < 
in  the  frothing  of  bottled  ale,  porter,  cider,  and  the  sparki 
creaming  of  champaigne  wine,  when  uncorked  and  poured  i 
open  vessel ;  the  air  which  those  liquors  contain,  on  being  rel 
from  its  confinement  in  the  bottle,  escaping  in  nmnerous  bi 
covering  the  surface  of  the  liquor.  Ginger  beer  contains  a  q 
ty  of  air  or  gas,  formed  by  a  chemical  process,  and  such 
elastic  force,  that  if  the  ginger  beer  has  been  properly  pre] 
the  included  air  will  drive  out  the  cork  with  a  loud  repc 
soon  as  the  string  with  which  it  is  tied  down  is  cut  thi 
Hence  also  the  bursting  of  bottles  filled  with  cider,  perr 
other  liquors  considerably  impregnated  with  air,  when  well 
ed  and  secured  with  wire. 

48.  What  is  called  soda  water  is  manufactured  by  compn 
carbor>ic  acid  into  water  by  mechanical  means ;  and  it  Uie 
can  s':arcely  be  preserved  except  in  strong  bottles  of  a  pc 
form,  from  which  it  spouts  with  violence  through  the  elastic 
the  condensed  gas,  as  soon  as  the  cork  is  removed.  Air  r 
combines  with  water,  though  not  to  any  great  extent,  und 
usual  pressure  of  the  atmosphere.  This  will  be  evident  or 
ing  a  glass  of  water  under  the  receiver  of  an  air-pump ;  : 
exhausting  the  receiver  the  air  will  issue  in  a  multitude  of 
bubbles  from  the  surface  of  the  water. 


To  what  purjtoses  has  this  fountain  been  applied  in  mining  open 
In  what  tamiHar  operations  is  the  elastic  force  of  gaseous  nat 
caping  from  a  liquid  made  conspicuous  p 
Whsit  18  tJie  nature  of  the  preparm\\ou  ca\\«^  %oda  inafer? 


RilLKEF  ACTION.  105 

* 

9.  It  has  been  already  stated  that  a  perfect  vacnum  cannot  be 
lined,  even  by  means  of  an  air-pnmp  of  the  best  construction. 
i  impossibility  of  completely  exnausting  the  receiver  of  an  air- 
ip ;  so  far  as  it  is  not  owing  to  the  imperfection  of  the  machinery, 
ends  on  the  identical  property  of  the  aerial  fluid  which  causes 

air-pump  to  act :  for  the  elasticity  of  air  is  always  in  the  di- 
:  ratio  of  its  density ;  so  that  when  half  the  air  is  extracted 
Q  any  vessel,  the  remaining  half  will  expand  to  fill  the  whole 
ce,  its  densil^  and  elasticity  being*  diminished  in  the  same  pro 
don.     Tlius  if  half  the  air  could  be  exhausted  from  a  receivei 
the  fir^t  stroke  of  the  piston,  and  one-half  of  what  was  left  b) 
next  stroke,  the  quantity  removed  by  every  subsequent  strok' 
9t  manifestly  be  but  one-half  of  that  removed  by  the  stroke  im 
iiately  preceding  it :  in  fact,  there  must  always  be  a  remainder, 
rever  trifling  it-must  at  length  become.    It  will  be  evident  that 
0^  an  indefinitely  small  quantity  of  air  must  thus  remain 
a  working  an  air-pump  for  any  imaginable  period  of  time,  yet 
t  quantity  would  soon  oecome  so  extremely  inconsiderable  aa  . 
lave  nearly  the  effect  of  a  complete  vacuum. 
•0.  Suppose  the  proportion  of  capacity  between  the  barrel  of 
air-pump  and  the  receiver  to  be  such,  that  one-fourth  part  of 

air  would  pass  firom  the  latter  into  the  barrel  at  each  stroke 
its  piston,  then  the  quantity  remaining  in  the  receiver  after  the 
1  stroke  would  be  less  than  one-fourth  of  the  original  quantity ; 
I  as  the  decrease  would  go  on  in  a  geometric^  progression, 
ty  strokes  of  the  piston  would  leave  in  the  receiver  only  1-3096 
the  quantity  it  contained  at  first.  Hence  it  will  appear  that 
he  receiver  be  not  less  than  the  barrel,  the  smaller  the  differ- 
e  between  the  size  of  the  receiver  and  that  of  the  barrel,  the 
re  rapidly  must  the  rarefaction  of  the  included  air  take  place ; 

though  with  a  small  receiver  the  air  may  be  highly  rarefied 
I  short  time,  it  cannot  be  entirely  withdrawn. 

1.  It  must  also  be  observed  thattheextentto  which  the  rarefaction 
be  effected  will  be  limited*  by  the  operation  of  the  rarefied  air 

the  valves  at  the  bottom  of  the  barrels ;  for  as  the  elasticity  of 
air  remaining  in  the  receiver  is  the  cause  of  the  opening  of 

se  valves,  they  will  at  length  cease  to  act,  when  the  exhaustion 
been  carried  so  for  that  the  expanded  air  has  not  elastic  force 

Qgh  to  overcome  the  very  small  degree  of  resistance  caused 

the  weight  and  friction  of  the  valves. 

2.  Another  obstacle  to  the  rarefaction  beyond  a  certain  limit* 
I  arise  from  the  resistance  to  the  opening  of  the  piston-valves 

Hij  eannot  a  perfect  vacuum  be  obtained  by  means  of  the  air-pump  ? 

rhat  would  be  the  rate  of  exhaustion  if  the  barrel  Gad  one  half  of  the 

leitj  of  the  receiver  ? 

tate  some  other  relation  between  the  bulks  of  the  cylinder  and  re- 

er,  and  compute  the  degree  of  exhaustion  after  a  certain  number  of 

■ationa. 

rfiat  infloenee  has  the  nature  of  the  lower  valve  on  the  extent  of  nire«  ' 

lOD  ? 

^en  matt  the  nrefuetioo  oeaeisarily  eeaie  ? 
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dvLTing  the  descending  stroke,  owing  to  the  want  of  sufficient  elas- 
ticity in  the  highly  rarefied  air  to  oyercome  the  pressure  of  the 
atmosphere  on  those  valves.  Various  improvements  have  been 
made  in  the  construction  of  air-pumps,  which  have  considerably 
lessened  the  imperfections  in  these  machines  now  stated,*  ana 
though  from  the  essc^itial  properties  of  air  the  formation  of  an 
absolute  vacuum  in  the  manner  described  must  be  impracticable, 
yet  the  ingenuity  of  modem  artists  has  enabled  us  to  produce 
within  a  receiver  an^  degree  of  exhaustioa  fequisite  for  the  most 
delicate  and  interesting  experiments.  v^^- 


""  Weight  of  the  Air.     . 

63.  The  phenoOMitia  depending  on  the  influence  of  gravitation 
cm  air,  and  its  consequent  gravity  or  wei^t,  are  of  equal  im* 
portance  with  those  arising  from  its  elasticity ;  and  the  subjec* 
therefore  demands  a  more  extended  investigation  than  has  been 
already  afforded  to  it. 

54.  Direct  evidence  of  the  weight  or  ponderosity  of  air  may 
be  easily  obtained  by  means  of  an  air-pump.  For  by  ascertain- 
ing the  weight  of  a  bottle  of  known  capacity  before '  and  after  it 
has  been  exhausted  of  the  air  contained  in  it,  the  loss  of  weieht 
after  exhaustion  would  show  the  gravitating  force  of  the  air  whieh 
had  been  extracted  from  it,  and  if  the  experiment  be  accurately 
performed  it  would  appear  that  a  cubic  foot  of  air  would  weigh 
•33  grains.  The  same  quantity  by  measure  of  water  would  weigh 
1000  ounces  avoirdupois ;  hence  it  must  follow  that  water  has 
about  840  times  the  weight  of  air,  bulk  for  bulk ;  and  this  resalt 
corresponds  sufficiently  with  the  estimate  of  the  specific  gravity 
of  atmospheric  air  compared  with  that  of  water,  as  stated  m  the 
table  of  specific  gravities,  in  the  treatise  on  Hydrostatics.^ 

55.  As  air  then  has  a  determinate  weight  like  all  other  ponde^ 
Able  kinds  of  matter,  it  must  prodjice  pressure  in  the  same  man- 
ner as  other  heavy  bodies,  and  that  in  proportion  to  its  mass  and 
specific  gravity.  The  weight  of  1000  cubic  inches  of  atmospheric 
air  must,  from  what  is  stated  above,  be  greater  than  that  of  a 
single  cubic  inch  of  water,  and  consequently  if  the  pressure  of 
such  a  mass  of  air  could  be  made  to  act  on  a  small  surface,  it 
would  produce  a  greater  effect  than  the  pressure  of  a  cubic  inch  of 

What  other  obftacle  to  rarefaction  exists  in  the  constniction  of  (be 
air-pamp  ? 

In  what  manner  may  the  air-pump  be  employed  to  ascertain  the  weight 
of  the  air  ? 

By  what  number  of  times  does  the  weight  of  water  exceed  that  of  air? 


*  Such  is  the  object  of  Dr.  Prince's  improvement,  who  makes  use  of 
a  subsidiary  piston  to  take  off  the  pressure  above  die  main  pittonii  after 
the  exhaustion  is  nearly  completed.— En. 
f  See  IfydroaUUicty  No.  SS. 
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water.  Now  the  most  direct  mode  of  causing  the  pressure  of  a 
given  bulk  of -nir  to  act  by  its  gravity  on  a  surface  of  a  certain  ex- 
tent would  be,  by  forming  a  cylindrical  or  square  column  of  air, 
the  base  of  which  should  be  exactly  of  the  extent  required.  This 
could  not  be  conveniently  effected  by  artificial  means,  except  m 
columns  the  height  of  which  was  but  inconsiderable ;  but  in  the 
atmosphere  around  us  nature  presents  a  mass  of  air  of  great  alti- 
tude, the  vertical  pressurjB  of  which  on  any  given  space  may  be 
ascertained  b^  direct  experiment. 

56.  A  receiver,  or  any  other  air-tight  vessel,  placed  on  the  plate 
of  an  air-pump,  would  become  fixed  to  it  by  the  exhaustion  of  the 
included  air,  m  consequence  of  the  atmospheric  pressure  on  its 
surface.  Some  idea  of  the  amount  of  this  compressing  force  may 
be  obtained  by  placing  the  palm  of  the  hana  over  the  top  of  a 
glass  cylinder  open  at  both  ends,  the  lower  opening  resting  on  the 
plate  cf  an  air-pump,  and  the  upper  opening  being  covered  by  the 
nand  so  closely  as  to  prevent  the  air  from  entering  in  that  direc- 
tion, the  cylinder  being  partially  exhausted  the  weight  of  the 
atmosphere  pressing  on  the  back  of  the  hand  would  not  only  be 
sensibly  felt,  but  would  also  be  found  to  be  so  considerable  before 
complete  exhaustion  had  been  eflected,  as  soon  to  occasion  pain 
and  inconvenience.  Reckoning  the  weight  of  the  atmosphere 
upon  every  square  inch  of  surface,  to  be  fifteen  pounds,  the  pres- 
sure on  the  hand  placed  over  an  exhausted  receiver,  the  top  of  which 
it  would  just  cover,  would  be  equal  to  about  sixty  pounds. 

57.  A  more  exact  estimate  of  the  weight  of  the 
atmosphere  may  be  formed  by  attending  to  the  result 
of  an  experiment  to  show  its  effect  on  the  surface  of 
two  hollow  hemispheres,  from  which  the  air  has  been 
extracted  by  means  of  an  air-pump  or  exhausting 
syringe.  Tht  se  hemispheres,  constructed  of  brass, 
should  be  furnished  with  handles,  or  hooks,  by  means 
of  which  they  may  be  suspended ;  one  of  which 
may  be  fixed,  but  the  other  should  be  removable. 
In  the  tubular  neck  to  which  this  handle  is  screwed 
is  a  stop-cock,  which  being  opened,  and  the  handle 
removed,  the  hemisphere  is  to  be  screwed  on  the 
pump-plate,  or  on  to  an  exhausting  syringe ;  and  the 
other  hemisphere  having  been  fitted  to  it,  a  vacuum  is  to  be  form- 
ed in  the  interior  by  working  the  pump.  The  stop-cock  must 
then  be  turned  so  as  to  prevent  the  rc-entrancc  of  air,  and  on  un- 
screwing the  brass  globe,  and  refixing  the  handle,  it  will  be  found 
that  the  hemispheres  composing  it  are  firmly  united  by  the  pres- 
sure of  the  external  air.     Suppose  the  diameter  of  the  globe  to 

How  might  we  conceive  the  pres8at*e  of  a  given  bulk  of  air  acting  by 
ilt  weight  alone  to  be  exercised  ? 

Willi  whNt  illustration  of  this  subject  does  nature  furnish  us  ? 

WItat  causes  the  adhesion  of  an  exhausted  receiver  to  the  ^late  oC  v\ 
air-i»ump .' 

ilow  i»  Ute  eorrectoeaa  of  (his  explanation  made  8i^\^te.iiV.\ 

R  2 
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be  6  inohes,  the  surface  of  a  section  thraagh  the  centre  would  h$ 
about  98  inches  square ;  and  hence  the  pressure  of  the  air  upon 
one  square  inch  bem^  known,  the  force  requisite  to  separate  the 
hemispheres,  supposing  the  exhaustion  to  be  nearly  complete, 
might  easily  be  computed. 

58.  This  is  usually  termed  the  Magdeburg  experiment,  it  bar 
ing  been  originally  contrived  by  Otho  Guencke,  of  Maedeburg 
the  inventor  of  the  air-pump ;  and  it  appears  to  have  lew  him  to 
that  important  discovery.     For  the  manner  in  whicE  he  orieinallj 
conducted  the  experiment  was  by  filling  the  space  inclnoed  be 
tween  the  hemispheres,  when  pressed  together,  with  water  to  ex 
pel  the  air,  and  then  pumping  out  the  water,  while  the  air  wa» 
prevented  from  re-entering  oy  turning  a  stop-cock.    Having  thus 
ascertained  the  fact  of  the  existence  of  atmospheric  pressure  to  a 
great  degree,  he  proceeded  to  the  invention  of  the  air-pump,  by 
means  of  which  the  exhaustion  of  the  joined  hemispheres  could 
be  much  more  readily  and  conveniently  effected  than  by  ftie  operose 
process  he  had  at  first  adopted.     This  ingenious  philosopher 
operated  with  two  copper  hemispheres,  nearly  a  Magaeburg  ell* 
in  diameter ;  and  the  amount  of  pressure  on  such  an  extent  of  sur- 
face was  so  great,  that  when  the  interior  cavity  had  been  exhaust- 
ed, the  separation  of  the  hemispheres  could  not  be  effected  by  the 
strength  of  twenty-four  horses,  twelve  being  harnessed  together 
on  each  side,  and  dragging  in  opposite  directions. 

59.  That  the  weight  of  the  atmosphere  is  always  pro- 
portioned to  the  vertical  height  of  the  column  of^  air 
pressing  on  any  extent  of  surface,  may  be  demonstrated 
by  means  of  a  glass  tube  bent  as  represented  in  the  mar- 
gin, and  open  at  both  ends.  The  diameter  of  the  tube 
being  the  same  throughout,  if  mercury  be  poured  into  it, 
it  will  rise  to  the  same  height,  D  C,  in  either  part  of  the 
tube.  Then  let  the  extremity,  A,  be  closed  by  placing 
over  it  a  piece  of  moistened  bladder,  firmly  secured  by 
melted  resin  or  seihngwax ;  and  the  mercury  pressed  on  by  the 
air  above  it,  of  the  common  density  of  the  atmosphere,  would 
always  remain  at  the  same  height,  D ;  but  the  column  of  mercury 
in  the  other  part  of  the  tube  having  its  surface  exposed,  would 
rise  or  sink  with  the  variation  in  density  of  the  atmosphere.  Thus 
if  such  a  tube  were  carried  to  the  top  of  any  high  tower  or  moun- 
tain, the  column  of  air  would  be  shortened  by  a  space  equal  to 
the  height  of  the  situation  and  the  mercury,  m  some  degree  re- 
Describe  the  manner  of  proving  the  pressure  of  air  acting  by  its  weight 
on  the  Magdeburg  hemispheres. 

How  did  Guericke  at  first  produce  the  vacuum  in  his  hemispheres  ?^« 
What  account  is  given  of  the  size  and  efReacy  of  his  apparutus  ? 
In  what  manner  can  we  prove  what  pressui*e  the  air  exercises  on  the 
exterior  surfaces  of  bodies  ? 

•  See  Winkler's  ElemenU  of  Nal.  PYv\\oTO\^\^^'E»tv\^.'Vt.A75T^  voI.I. 
131, 
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Itemed  from  pressure,  would  rise  in  the  space  C  6.  On  the  con- 
trary, if  the  tube  could  be  removed  into  a  deep  mine,  the  mercury 
en  the  open  side  would  sink  below  C,  bein^  pressed  b^  a  loftier 
column  of  air  than  when  at  the  surface,  where  the  height  of  Uie 
mercury  was  first  noted. 

60.  Such  an  instrument  as  that  just  described  would  be  a 
species  of  barometer,*  since  it  would  indicate  the  varying  weight 
of  the  atmosphere.  But  the  instrument  to  which  the  appellation 
of  barometer  has  been  given  is  differently  constructed,  and  better 
adapted  to^  afford  a  correct  estimate  of  the  amount  of  atmospheric 
pressure  at  different  times,  or  under  varying  circumstances. 

61.  T*he  invention  of  this  valuable  instrument  appears  to  be  justly 
attributed  to  Torricelli,  professor  of  mathematics  at  Florence,  in 
the  earlier  part  of  the  seventeenth  century.  He  was  the  pupil  of 
Uie  celebrated  Galileo,  who  seems  to  have  been  the  first  among 
modem  philosophers  who  had  any  idea  that  air  possessed  the  pro- 
perty of  weight;  though  he  was  not  aware  of  the  mode  oi  its 
operation  in  producing  atmospheric  pressure,  and  the  numerous 
phenomena  constantly  resulting  from  it. 

62.  It  had  been  accidentally  observed  that  in  raising  water  by 
means  of  a  pump,  the  height  to  which  it  could  be  drawn  in  what 
is  called  the  suction-pipe  never  much  exceeded  33  feet;  since 
when  the  piston  of  a  pump  was  elevated  more  than  about  that 
height  above  the  surface  of  the  water  in  the  pump-well,  the  liquid 
no  longer  followed  the  piston.  The  drawing  up  of  the  piston  of 
course  torms  a  vacuum  in  the  pipe  below  it,  and  the  consequent 
rising  of  the  water  into  the  void  space  was  accounted  for,  or  ra- 
ther attempted  to  be  explained,  by  the  philosophers  of  the  six- 
teenth century,  by  the  hypothetical  principle  that  "  Nature  abhors 
a  vacuum,"  and  therefore  causes  the  water  to  ascend  in  order  to 
prevent  the  vacuum  from  taking  place. 

63.  The  dogma  of  Nature's  abhorrence  of  a  vacuum  is  a  com- 
plete absurdity ;  and  the  phrase  was  invented,  like  many  others, 
some  of  which  are  still  current,  to  conceal  the  ignorance  of  those 
who  pretended  to  universal  knowledge.  It  was,  however,  gene- 
rally adopted  at  the  period  just  mentioned ;  and  till  it  was  disco- . 
vered  that,  when  a  vacuum  was  actually  formed  in  the  suction- 
pipe  of  a  pump,  water  would  not  rise  to  fill  it  much  above  33  feet, 
no  one  seems  to  have  thought  of  questioning  the  propriety  of  the 
current  opinion  on  the  subject. 

What  is  the  nature  and  purpose  of  the  barometer? 
Who  was  the  inventor  of  that  instrument } 
Who  first  conceived  the  idea  that  air  possesses  weight  ? 
By  what  expression  did  ancient  philosophers  explain  the  rising  of  water 
w  a  common  pump  ? 
In  what  light  are  we  to  view  this  expression  ? 

•  This  term  signifies  a  measure  of  weight,  from  the  Greek  B«^o(,  a 
height,  and  Mit^ov,  a  measure.     The  instrument  described  in  the  t«Kt 
^ould  bear  a  nearer  Felation  to  A<Iie'sBympiczomeler  VYi«lu  \.o  ^^  ^q\sw- 
Baoo  harometer. — Ed, 
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64.  Some  engineers  at  Florence  finding  themf^elves  foiled  in  an 
attempt  to  raise  water  by  a  pump  from  a  well  of  greater  depth 
than  usual,  applied  to  Galileo  for  advice  as  to  the  means  of  raising 
water  to  a  greater  height  than  33  feet,  or  at  least  for  an  explana- 
tion of  the  cause  of  a  phenomenon  which  they  could  not  reconcile 
with  the  ffenerally  received  hypothesis  concerning  the  ascent  of 
water  in  the  suction-pipe  of  a  pump.  Galileo  is  said  to  have  told 
the  inquirers  that  "  Nature's  abhorrence  of  a  vacuum  did  not  ex- 
tend to  distances  greater  than  33  feet,  and  therefore  that  at  that 
point  her  efforts  ceased."  It  has  been  questioned  whether  the 
philosopher  really  expressed  himself  in  this  manner,  though  the 
story  has  often  been  repeated ;  and  it  may  at  all  events  be  con- 
cluded that  if 'he  gave  such  an  answer  to  those  who  applied  to 
him,  he  could  hardly  have  considered  it  as  a  satisfactory  solution 
of  the  diiiiculty  which  had  been  started.  Accordingly  in  bis 
writings  he  attempts  to  account  for  the  phenomenon  on  other 
principles,  but  the  real  cause  of  it  seems  to  have  eluded  his  pene- 
tration. 

65.  Probably  the  discussions  to  which  this  circumstance  gave 
rise  suggested  to  Torricelli  the  idea  that  the  ascent  of  water  in 
the  suction-pipe  of  a  pump  was  caused  solely  by  the  pressure  of 
the  atmosphere  on  the  water  in  the  well,  and  that  as  the  weight 
of  the  atmosphere  at  the  earth's  surface  could  never  vary  to  any 
great  extent,  it  therefore  never  greatly  exceeded  what  would  be 
sufficient  to  raise  a  column  of  water  in  a  vacuum  to  the  height  of 
33  feet.     The  happy  thought  occurred  to  him  of  verifying  his  con- 
jecture by  making  an  experiment  with  a  fluid  much  heavier  than 
water,  as  he  perceived  that  if  the  ascent  of  water  depended  on  at- 
mospheric pressure,  the  same  pressure  on  the  heavier  fluid  would 
raise  a  column  of  it  to  a  proportionally  inferior  height.     With 
this  view  he  fixed  on  mercury,  as  the  heaviest  fluid  known,  at 
common  temperatures ;  and  having  procured  a  glass  tube,  open  at 
one  end,  he  filled  it  with  mercury,  the  specific  gravity  of  which 
compared  with  that  of  water  was  as  13^  to  1 ;  then  immersing  the 
open  end  of  the  tube  in  a  small  jar  of  mercury,  and  suffering  a 
communication  to  take  place  between  the  mercury  in  the  tube  and 
that  in  the  jar,  he  observed  that  the  fluid  sunk  till  it  stood  in  the 
tube  just  30  inches  above  the  level  of  that  in  the  jar  below.    This 
experiment  was  so  far  completely  satisfactory ;  for  as  13^  :  1 : :  33 
feet :  2^  feet  =  30  inches ;  thus  the  weight  of  the  atmosphere 
pressing  on  any  given  surface  was  found  to  be  equal  to  that  of  a  co- 
lumn of  water  of  the  same  extent  at  the  base  and  33  feet  in  height, 
or  of  a  similar  column  of  mercury  only  30  inches  in  height. 

Wliat  is  said  to  have  been  the  reply  of  Galileo  to  inquiries  on  this  sob- 

jfCt  ? 

Did  that  philosopher  understand  the  true  cause  of  the  rise  of  fluids  into 
an  exhttnsted  tube  r  . 

To  wliom'do  we  owe  the  true  explanation  of  this  subject  ? 
In  whu  t  ma  nner  did  TorriceWi  i\eTaOTi«U'«.Ve  Xi^e  ^otvtrctneas  of  his  vicwi 
in  regard  to  the  pressure  of  the  u\r  \ 
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66.  The  barometer  now  in  general  nse  as  a  weather-glass  is 
Bothinff  more  than  a  tabe  of  proper  len^  filled  with  mercury,  and 
atherdipped  at  the  open  end  in  a  sm«ul  cup  of  the  same  fluid,  or 
etee  having  the  open  end  curved  upwards,  so  that  the  mercury 
may  be  exposed  to  the  pressure  of  the  atmosphere :  a  scale  of 
inches  also  is  adapted  to  the  upper  part  of  the  tube,  extending 
from  27  to  33  inches,  that  it  may  appear  by  inspection  at  what 
bei^t  the  mercury  stands  under  the  pressure  of  the  atmosphere 
at  any  particular  time.  This  useful  instrument  was  at  first  called 
the  Torricellian  tube,  from  the  name  of  the  discoverer  of  the  prin- 
ciple on  which  its  action  depends ;  but  it  subsequently  received 
the  desigrnation  of  a  barometer,  now  universally  adopted. 

67.  After  the  effect  of  atmospheric  weight  and  consequentpres- 
Bare  had  been  ascertained  by  the  decisive  experiments  of  Tolrri- 
eelli,  the  subject  was  fhrther  investigated  in  Franee,  chiefly  by 
the  disUnsuished  philosopher  Pascal,  and  by  Father  Mersenne, 
in  1647.  The  former  reflectingr  on  the  effects  of  atmospheric  pres- 
sure, it  occurred  to  him  that  the  weight  of  the  column  of  air,  de- 
pending on  its  vertical  height,  must  be  greatest  in  low  situations, 
and  decrease  in  ascending  an  eminence.  To  try  this  principle  by 
the  test  of  experiment,  he  requested  a  friend  who  resided  m  Aa- 
vergne,  to  ascertain  the  relative  heights  of  a  barometrical  column 
at  me  bottom,  and  afterwards  at  the  top  of  the  Puy  de  Dome,  a 
Ugh  mountain,  situated  in  that  province  of  France.  The  effect 
took  place  as  Pascal  had  anticipated ;  and  he  himself  subse- 
qoentfy  made  corresponding  observations  on  a  barometer,  removed 
DtHn  the  level  of  the  street  in  Paris  to  the  summit  of  a  lofty 
diurch-tower.  ^ 

66.  As  a  philosophical  instrument,  the  barometer  is  highly  use- 
ful, not  only  for  the  purpose  of  ascertaining  the  daily  and  hourly 
Tiriations  which  are  taking  place  in  the  atmosphere  in  any  ffivea 
ntoation,  arising  from  causes  connected  with  the  science  of  me- 
leorologT)  and  for  other  purposes  of  a  similar  nature ;  butlikewise 
as  affordjiig  means  for  accurately  estimating  the  heights  of  moun- 
tains, or  in  fact  of  any  places  whatever  above  the  level  of  the  sea. 
For  either  of  these  purposes,  however,  it  is  necessary  that  a  baro- 
neter  should  be  very  carefully  and  accurately  constructed ;  and 
Id  making  observations  by  means  of  it,  especially  in  the  measure- 
ment of  heights,  various  precautions  are  required,  and  the  effect 
of  temperature  in  particular  must  be  taken  into  the  account  in 
making  any  calculations. 

69,  It  must  hence  be  obvious,  that  as  a  weather  glass,  the  uti 
Uty  o£  such  instruments  as  are  commonly  used  must  be  extremely 

Deaeribe  the  nmnrier  of  eonstruetinr  the  barometer. 
By  what  name  was  this  instrument  formerly  known  ? 
What  applieation  of  the  barometer  was  made  bj  Pascal  ? 
In  what  manner  was  his  principle  verified  ? 

To  what  particniar  purposes  is  the  barometer  applied  in  meteorology  ? 
What  partiealarly  requires  attention  in  the  measuremei^X  otWvi^xIvi 
tbe  barometer? 
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limited ;  for  as  the  heig^ht  of  the  mercury  at  an]^  time  mast  depend 
partly  on  the  elevation  of  the  place  of  observation  above  the  level 
of  the  sea,  no  correct  judgment  can  he  formed  rriative  to.the  den-  ^ 
sity  of  the  atmosphere,  as  affecting  the  state  of  the  weather  with-  ^ 
out  reference  to  the  situation  of  the  instrument  at  the  time  of  '■ 
making  the  observation ;  and  a  series  of  observations  at  any  gives  >^ 

Elace  would  be  required  in  order  to  enable  a  person  to  form  a  pro*  )k 
able  opinion  of  the  change  of  weather  to  he  expected  after  the  i~ 
rising  or  falling  of  the  mercury.  *s 

70.  One  source  of  imperfection  in  the  instrument,  which  ren-  4. 
ders  it  difficult  to  determine  the  extent  of  those  slight  variations  •i 
in  the  height  of  the  mercurial  column  which  are  yet  interesting  to  s 
the  meteorological  observer,  has  led  to  some  peculiarities  of  con-  i 
struction,  by  means  of  which  the  scale  of  observation  might  be   r 
enlargfed,  and  minute  changes  in  the  height  of  the  mercury  be  ren-   "Z 
dere<r obvious.    One  method  of  effecting  this  purpose  is  by  means  • 
of  what  is  called  a  wheel  barometer,  the  external  ap-  ^ 
pearance  of  which  few  persons  can  be  unacquainted   r 
with,  as  such  instruments  are  generally  preferred  for   ^ 
domestic  use. 

70.  The  construction  of  the  wheel-barometer  may  ^ 
be  thus  described,  with  reference  to  thef  figure  in  the    - 
margin.    It  consists  of  a  tube,  ABC,  hermetically   ^ 
sealed  at  A,  and  open  at  C ;  and  of  such  a  length  that  - 
the  distance  from  C  to  A  may  be  about  32  inches.  The    ^ 
tube  must  be  entirely  filled  with  mercury,  which  on 
placing  it  in*  a  vertical  position  will  subside  in  the  part 
A  B,  till  the  difference  of  the  levels  E  and  F  will  be 
e^ual  to  the  height  of  a  column  of  mercury  which  will  balance 
the  weight  of  the  atmosphere,  so  that  any  change  of  pressure  will 
have  an  e^ual  eff*ect  on  ^e  mercury  at  E  and  F,  and  thus  through 
whatever  space  the  fluid  may  rise  at  E,  it  will  be  depressed  to 
the  same  extent  at  F.    Upon  the  surface  of  the  mercury  at  F  floats 
a  small  ball  of  iron,  suspended  by  a  strong  thread  over  a  pulley 
P,  and  to  the  other  end  of  the  thread  is  attached  the  weight  W, 
not  so  heavy  as  the  floating  ball.    The  axis  of  the  pulley  passes 
through  the  centre  of  a  large  graduated  circle  G,  and  carries  an 
index  H,  which  revolves  as  the  pulley  turns  round.     The  weight 
W  being  just  heavy  enough  to  counterbalance  the  iron  ball  and 
overcome  the  friction  of  the  pulley,  the  iron  ball  rises  and  falls 
freely,  as  the  surface  of  the  mercury  on  which  it  floats  is  elevated 
or  depressed  by  the  weight  of  the  air.     Now  if  the  circumference 
of  the  wheel  P  be  2  inches,  then  one  entire  revolution  will  corre- 

Why  is  the  barometer,  as  eomroonly  constructed,  ill  adapted  to  the 
purposes  of  indicating  the  state  of  weather  ? 

How  has  it  been  found  practicable  to  enlarge  the  scale  of  barometrio 
variations,  so  as  to  read  slight  differences  ? 

Give  a  description  of  the  wheel-barometer. 

What  is  the  purpose  of  the  weight  suspended  on  the  eaterior  end  ot 
ibe  iford  } 
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Siond  to  an  alteration  of  level  amounting'  to  2  inches  at  F,  «and 
erefore  to  an  alteration  of  4  inches  in  the  height  of  the  barome- 
tric column.  And  as  the  graduated  circle  may  conveniently  be  40 
inches  in  circumference,  10  inches  of  that  circle  will  correspond 
to  1  inch  of  the  column,  and  1  inch  of  the  circle  to  1-10  of  an  inch 
of  the  column ;  so  that  variations,  amounting  to  much  less  than 
the  tenth  of  an  inch  will  be  distinctly  perceptible. 

72.  As  already  stated,  the  utility  of  the  barometer  as  a  weather- 
^ass  must  depend  on  certain  circumstances,  with  reference  to  the 
-situation  of  the  observer ;  and  not  the  least  attention  ought  to  be 
paid  to  the  words  "rain,"  "fidr,"  "changeable,"  &c.,  frequently 
-engraved  on  the  plate  of  a  barometer,  as  they  will  be  found  to  af- 
ford no  certain  indications  of  the  correspondence  between  the 
heights  marked  and  the  state  of  the  weather. 

73.  General  rules  for  calculating  changes  in  the  weather  from 
the  barometer  can  seldom  be  adapted  to  all  situations ;  and  there- 
fore those  who  may  be  desirous  of  obtaining  the  means  for  form- 
ing a  correct  judgment,  as  to  subsequent  alterations  in  the  state 
of  the  atmosphere,  from  the  indications  of  the  degree  of  atmosphe- 
ric pressure  at  any  time  afforded  by  the  barometer,  must  devote 
much  attention  to  the  subject;  without  which,  written  rules  would 
only  mislead  the  observer,  and  long  application  to  the  practical 
atudy  of  the  instrument  would  render  rules  unnecessary.  One 
eircumstance,  however,  may  be  worth  mentioning,  which  is,  that 
•changes  of  weather  are  indicated  not  so  much  by  the  actual  height 
of  the  barometrical  column,  as  by  its  variation  of  height,  and  the 
manner  in  which  that  variation  takes  place. 

74.  Among  the  methods  which  have  been  adopted  to  obtain  the 
most  accurate  estimates  of  the  effect  of  atmospheric  pressure  may 
be  noticed  the  compound  barometer,  in  which  water  is  added  to 
the  mercury  in  the  tube,  and  the  mean  height  of  the  barometrical 
column  being  thus  stugmented,  the  variations  which  arise  from 
ihe  varying  weight  of  the  air  will  be  more  considerable  than  in  a 
eommon  barometer,  and  therefore  may  be  more  distinctly  observ- 
ed. Such  instruments,  however,  are  liable  to  certain  defects  and 
disadvantages,  which  render  them  inferior  upon  the  whole  to 
those  of  the  usual  construction. 

76.  A  barometrical  column,  composed  of  water  alone,  from  its 
extreme  sensibility  to  changes  of  atmospheric  pressure,  must  af- 
ford much  greater  ^ility  for  noticing  the  more  minute  alterations 
which  are  found  to  be  constantly  occurring  than  the  mercurial  ba- 
rometer. But  a  water  barometer  must  necessarily  be  a  most  un- 
wieldy machine,  and  consequently  could  be  adopted  in  but  few 
situations,  even  where  the  expense  and  inconvenience  attending 
its  construction  might  be  of  little  importance. 

What  reliiinee  is  to  be  phieed  on  the  prognosties  of  veatlier  sotnetimes 
found  oil  the  scales  of  barometers  ? 

What  eircamstance,  in  regard  to  changes  of  weather,  deserves  parti- 
cular attentioo  ?    What  adTantage  is  possessed  by  the  ecA^imTk  t;Q\si^^«^'\ 
of  water  and  mcrcarjf 
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76.  M.  l^aBcal,  whose  philosophical  researches  hsrve  been  al* 
ready  noticed,  made  some  interesting  experiments  at  Rouen,  in 
Normandy,  in  which  he,  by  means  of  glass  tubes,  40  feet  is 
length,  ascertained  the  effect  of  the  pressure  of  the  atmosphers  oa 
water,  and  also  on  wine ;  and  he  foand  that  when  mercury  stood 
in  the  common  barometer  at  the  height  of  S  French  feet  3^  inches, 
water  was  raised  in  one  of  his  tubes  to  the  height  of  about  31  14 
feet,  and  wine  to  that  of  31f .  Thus,  though  the  difference  of 
specific  gravity  in  these  two  liquids  must  have  been  but  incoan- 
derable,  yet  it  occasioned  a  sensible  difference  in  the  manner  in 
which  they  were  affected  by  atmospheric  pressure.  The  expeii- 
ment  on  water  was  repeated  by  Roger  Cotes,  professor  of  |4iil»> 
sophy  at  Cambridge,  England;  in  me  beginning  of  the  last  cen- 
tury ;  but  in  both  cases  the  object  was  merely  that  of  a  temporary 
exhibition  for  the  purpose  of  distinctly  demonstrating  the  operation 
of  aerial  gravity  and  pressure. 

77.  A  permanent  water-barometer,  however,  has  been  ereeted 
by  order  of  the  Royal  Society  of  London,  in  the  hall  of  entrance 
to  their  apartments,  the  tube  extending  upwards  in  the  well  of  a 
winding  staircase.  It  consists  of  a  glass  tube  40  feet  in  length, 
and  1  inch  in  diameter  at  the  lower  end,  nearly  cylindrical  through- 
out, being  only  a  little  narrower  at  the  upper  extremity  than  it  is 
below.  This  instrument  is  well  adaptea  to  show  the  various  pe- 
riodical alterations,  or  as  they  have  been  termed,  oscillations  of 
the  atmospherical  column,  and  some  observations,  with  tables  form- 
ed from  them,  have  already  been  laid  before  the  Royal  Society, 
by  Mr.  Daniell.  It  has  been  noticed,  that  the  rise  and  fall  of  the 
column  of  water  in  this  barometer  precedes,  by  one  hour,  the  cor- 
responding changes  in  a  mercurial  barometer;  and  it  is  stated 
that  in  windy  weather  the  water  is  in  perpetual  motion,  its  flac- 
tuation^n  the  tube  having  been  compared  to  the  breathing  of  an 
animal.* 

78.  It  has  been  already  observed,  that  the  elasticity  of  the  air 
is  always  in  the  direct  ratio  of  its  density ;  or  in  other  words,  that 
the  greater  the  density  of  any  portion  of  air,  the  greater  will  be 
the  degree  of  elastic  force  which  it  is  capable  of  exerting.  The 
best  modern  air-puitips  are  so  constructed  as  to  serve  for  the 
condensation  as  well  as  the  rarefaction  of  air ;  but  for  the  former 
purpose,  a  condensing  syringe  may  likewise  be  employed ;  and 
either  method  may  be  adopted  in  making  experiments  on  the  elas- 
ticity of  compressed  air. 

79.  Among  the  most  interesting  applications  of  the  force  of  air 

What  relation  did  Pascal  find  between  the  heights  of  olumus  of  wine 
and  of  water  equivalent  to  the  weight  of  the  atmosphere  } 

In  what  peculiar  manner  is  the  water  barometer  found  to  be  affected? 

What  advantage  does  it  possess  overihe mercurial ba7'ometer,  in  regsrd 
to  the  indication  of  diurnal  fluctuations  ? 

In  what  ways  may  the  artificial  condensation  of  air  be  effected  ? 

*  Arcana  of  Science,  \%^,^^,%^^«^M4u 
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Ib  Cl  state  of  high  condeusation  is  that  of  projecting  by  sach  means 
ImlletiB  or  other  missiles  from  an  air  gun.  It  is  somewhat  re- 
■larkable,  that  this  instrument  appears  to  have  been  in  use  before 
die  diacoyery  of  the  air-pump  or  the  barometer ;  for  it  is  mentioned 
in  m  work  entitled  **  El^mens  d'Artillerie,"  written  by  David  Ri- 
vaiit,  who  was  preceptor  to  Lonis  XIII.  of  France,  and  he  as- 
eribes  the  inv<ention  to  Marin  of  Lisieux,  in  Normandy,  who  pre- 
sented an  air-gon  to  Henry  IV.  It  is  also  stated,  that  an  air-crun 
was  preserved  in  the  armory  of  Schmettau,  on  which  was  the  date 
1474.  But  these  instruments  were  far  inferior  to  modem  air-ffuns, 
jGrom  which  they  must  have  differed  considerably  in  the  mode  of 
eonstmction. 

80.  The  air-ffan,  like  the  common  ^n  or  musket,  consists  partly 
of  a  long  metal  tube  adapted  to  receive  a  ball,  but  the  breech  end 
ef  the  tube  or  barrel  has  an  opening  to  admit  condensed  air  be- 
hind the  ball,  which,  actinff  by  its  elastic  force,  propels  it  with  a 
velocity,  proportioned  to  we  degree  of  condensation  of  the  air. 
Though  the  effect  is  produced  in  die  manner  just  described  in  all 
sir  guns,  yet  the  mechanism  or  arrangement  by  which  the  admis- 
sion of  the  air  is  regulated  varies  in  different  instraments.  Some 
of  them  are  furnished  with  a  syringe  for  compressing  the  air,  in- 
dnded  within  the  butt  of  the  gun,  and  there  is  an  exterior  tube 
tarrounding  the  barrel,  so  that  the  air  is  forced  into  the  space  be- 
tween the  tubes,  and  the  ball  having  been  introduced  into  the  bar- 
rel which  it  fits  closely,  a  valve  is  opened  by  pressing  on  a  knob 
er  tri^er,  and  the  air  rushes  from  the  cavity  formed  by  the  outer 
tube  into  the  chamber  behind  the  ball,  which  it  expels  from  the 
barrel,  continuing  to  act  upon  it  by  its  expansive  force  till  the  ball 
kas  passed  from  the  mouth  of  Uie  air-gun.  Other  instruments 
kave  but  one  tube,  for  the  reception  of  the  ball ;  and  the  air  is 
CMnpressed  by  a  condensing  syrio^  into  a  strong  brass  or  copper 
globe,  which  when  filled,  can  be  detached  from  the  syringe,  and 
screwed  to  the  butt  of  the  gun,  and  by  a  contrivance  similar  to 
tliat  already  described,  a  bufiet  can  be  discharged,  by  drawing  a 
tiigger.  Tue  butt  may  be  made  to  hold  a  magazine  of  balls, 
which  can  be  admitted  one  at  a  time  into  the  chamber,  and  a  por- 
tion of  the  condensed  air  esoapine  on  opening  the  valve,  several 
hwlla  may  be  projected  from  the  air-gun  in  succession,  but  in  this 
case,  as  each  discharge  will  diminish  the  density  and  elasticity 
of  the  remaining  air,  we  velocity  and  effective  force  of  the  balls 
will  also  progressively  decrease. 

81.  From  what  has  been  stated  relative  to  the  density  and  elas- 
ticity of  air,  it  will  follow,  that  all  bodies  on  the  surrace  of  the 

What  are  some  of  the  important  applications  of  eondensatioD  ? 

What  are  the  essential  parts  of  the  air-gun  ? 

To  what  is  the  velocity  of  the  ball  proportioned  ? 

What  two  different  arrangements  of  parts  are  occasionally  applied  for 
retaining  the  condensed  air? 

Can  this  instrument  propel,  with  equal  yeloeities,  several  balU  \^  in&- 
cession,  without  renewing  the  ebaive  of  aiv ' 
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earth,  sustain  a  pressure  from  the  saperincmnbeiit  atmospbere 
et\u'a\  to  the  weight  of  a  column  of  water,  about  34  (eet  in  heiglrti 
with  a  base  corresponding  in  extent  to  that  of  the  body  or  boaim 
pressed  upon.    This  pressure  may  be  estimated  at  finom  14  to  16 

fiounds  on  every  square  inch  of  surface,  being  the  weight  of  a  e^ 
uran  of  mercury  SO  inches  high,  and  1  inch  square  at  the  base. 

83.  Hence  it  must  be  erident  that  erery  human  being  eonstul' 
ly  has  pressing  on  the  body  in  every  direction  a  weight  equal  ft» 
15  times  as  many  pounds  as  there  are  square  inches  on  ike  stt* 
face  of  that  body.  Suppose  then  the  surface  of  a  man's  bod]r  to 
measure  2000  square  incnes,  the  force  of  the  atmosphere  preesiif 
on  that  surfiEu;e  would  be  equal  to  30,000  pounds.  It  may  appsv 
unaccountable  that  so  vast  a  prsssure  should  be  perpetuaUyii 
operation,  without  our  being  sensible  of  the  weight  or  expeiMB^ 
in^  any  inconvenience  from  it.  This  however  is  owing  to  Hib 
uniform  manner  in  which  the  force  acts  in  all  directions,  so  Alt 
the  body  is  supported  by  the  pressure  on  one  side  against  thi 
equal  pressure  on  that  wnich  is  opposite ;  and  it  is  only  when  At 
equilibrium  is  destroyed  by  removing  the  fbree  in  one  diiectioa, 
that  its  effects  become  perbeptible,  as  is  shown  by  an  experimeit 
previously  described,  in  which  the  hand  is  exposed  to  atmosph^ 
ric  pressure  by  placing  it  over  a  partially  exhausted  receiver.  AH 
the  cavities  of  the  body  also  are  either  filled  widi  air  or  wilk 
denser  fluids,  so  that  they  resist  compressioil^  from  the  external  sir 
as  perfectly  as  the  firmest  solids. 

83.  Some  idea  of  the  weicrht  of  the  whole  atmosphere,  encom- 
passing the  earth  on  every  side,  may  be  formed  from  a  calculatioa 
which  has  been  made  to  determine  what  must  be  the  diameter  of 
a  sphere  of  lead,  the  weight  of  which  would  be  equal  to  that  of 
the  entire  atmosphere ;  and  from  which  it  appears  that  the  spbeie 
must  have  a  diameter  nearly  60  miles  in  length ;  which  woaM 
correspond  in  weight  with  a  mass  of  water  sufficient  to  cover  the 
whole  surface  of  the  earth  to  the  height  of  34  feet. 

84.  It  is  an  interesting  matter  of  speculation  to  what  height  the 
atmosphere  extends  from  the  surface  of  the  earth.  If  the  density 
of  the  atmospheric  column  were  uniform,  its  vertical  height  mi^t 
be  readily  calculated ;  for  as  water  is  nearly  850  times  heavier 
than  air  of  the  common  density,  and  a  column  of  water  34  feet 
high  is  equivalent  to  an  atmospherical  column  having  a  base  of  the 
same  extent,  it  is  evident  that  the  height  of  such  a  column  of  air 
of  uniform  density  must  be  850  times  34  feet,  or  850  X  34=>38,900 

What  amount  of  atmoapherie  presaure  ia  auatained  by  all  bodiea  on  the 
aurface  ot*  the  earth  ? 

What  pi*essure  is  applied  to  the  body  of  a  peraon  of  ordinary  aize? 

How  is  the  body  enabled  to  sustain  thia  preaaore  without  inconvenience .' 

What  would  be  the  diameter  of  a  aphere  of  lead  equal  in  weight  to  the 
wliole  atmosphere  of  our  g^lobe  } 

To  how  thick  a  atratum  of  water  over  the  whole  globe  would  this  be 
equivalent  ? 

How  may  we  calculate  the  height  of  an  atmoaphcre  of  uniform  density 
eqaal  in  weight  to  that  of  the  carih^ 
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»5  miles  633  yards  and  1  foot,  or  nearly  5^  miles.  But  the  den- 
rity  of  the  air  yaries  at  different  distances  from  the  surface  of  the 
BVth,  iu  consequence  of  its  elasticity. 

85.  Air  may  be  conceived  to  consist  of  innumerable  strata  or 

Xrs,  forming  a  concentric  shell,  surrounding  the  solid  globe  we 
bit ;  and  the  lowest  stratum  being  compressed  by  the  whole 
Rreight  of  the  superincumbent  mass,  must  necessarily  be  more 
dense  than  the  next  above  it,  and  the  density  decreasing  in  pro- 

K'on  to  the  increase  of  height  or  distance  from  the  earth^s  sur- 
no  definite  limit  can  be  assigned  to  the  extent  of  the  atmo- 
tfhere. 

86.  Cotes,  in  his  Hydrostatical  Lectures,  has  stated  the  relative 
density  of  the  atmosphere  at  different  heights,  as  deduced  from  a 
eomparison  of  the  specific  gravity  of  air  at  the  common  level  of 
the  earth's  surface  with  that  of  air  at  a  certain  elevation  as  ascer- 
tained by  means  of  the  barometer.  Thus  the  rarity  of  the  air  being 
four  times  greater  at  the  altitude  of  seven  miles  than  at  the  sur- 
fiM»,  and  the  rarity  of  the  air  augmenting  in  a  geometrical  pro- 
gression, while  the  altitude  increases  in  an  aritlunetical  progres- 
sion, it  will  follow  that  at  the  height  of  14  miles  the  atmosphere 
wonld  be  16  times  rarer  than  at  the  surface,  at  21  miles  64  times 
ruer,  at  38  miles  256  times,  at  35  miles  1024  times,  at  70  miles 
about  a  mUlion  of  times,  at  210  miles  a  million  of  millions  of  mil- 
lions of  times,  supposing  air  to  be  capable  of  indefinite  expansion. 
Hence,  also,  at  the  altitude  of  500  miles,  if  the  air  could  continue 
to  expand  at  the  same  rate,  a  cubic  inch  of  the  common  density 
would  be  dilated  through  a  greater  space  than  a  sphere  equal  in 
diameter  to  the  orbit  of  Saturn.*  This,  however,  is  a  purely  hy- 
pothetical estimate,  for  it  is  founded  on  the  presumed  infinite 
divisibility  of  matter. 

87.  The  observations  of  Dr.  WoUaston,  '<0n  the  Finite  Extent 
of  the  Atmosphere,'*!  tend  to  prove  that  air  consists  of  ultimate 
indivisible  particles ;  and  the  expansion  of  a  medium  composed 
of  such  particles  must  cease  at  a  certain  point  where  the  force  of 
giavity  acting  downwards,  upon  a  single  particle,  would  be  equal 
to  the  resistance  arising  from  the  elastic  or  repulsive  force  of  the 
medinm.  At  such  an  altitude,  therefore,  the  elasticity  of  the 
atmosphere  would  be  completely  extinguished,  and  thus  a  physi- 

How  mtLj  we  eoneeiTc  the  atmosphere  to  be  arran|^d  npoo  the  surface 
of  tlie  globe  ? 

What  limit  can  be  assigned  to  the  height  of  the  atmosphere  ? 

State  the  ealeolated  progressiTe  rareficadon  of  air  as  dependent  on 
elevation. 

On  what  supposed  property  of  air  is  this  calculation  founded  ? 

What  Tiews  did  Dr.  Wollaston  advance  on  this  subject  ? 

What  equality  of  forces  would  limit  the  expansion  of  air  ? 

*  See  Cotes's  HydrostaAioal  and  Pneumatical  Lectures.     Sec.  edit, 
Csmbridge,  1747,_p.  184. 
t  Abstracts  of  Papers  in  the  Philos.  Trans.,  ^ol,  U.  VV*^^^^^^^ 
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cal  limit  might  be  assigned  beyond  which  it  could  not  possibly 
extend. 

88.  In  making  calculations  relattfe  to  the  densi^  of  the  air  at 
different  heights,  or  forming  rules  for  the  determinatiOB  of  theoo^ 
respondence  between  atmospheric  altitude  and  presmuoy  finr  piae* 
tical  purposes,  such  as  the  measuring  of  eminences  br  means  ef 
the  barometer,  seyeral  circumstances  most  be  taken  into  the  ae- 
count.  Thus  it  is  not  only  necessary  that  the  exact  height  of  tiie 
mercurial  column  at  different  IctcIs  ^onld  be  asoertainea,  but  dae 
regard  must  also  be  had  to  the  inflaence  of  lemperatnxe,  the  eflfeet 
of  vapour  suspended  in  the  air,  and  the  latitude  of  the  eminenoe 
whose  height  is  to  be  determined.  The  inde&dgBble  spirit  of 
research  ofmodem  experimental  philosophers  and  mathemadciaaB 
has  triumphed  over  these  difficnities  so  far  as  to  haye  furnished 
us  vnth  general  principles  and  formnlo,  by  the  application  of 
which  to  the  results  of  carefully  conducted  experiments,  the  jMf- 
pendicular  heights  of  the  principal  mountains  in  every  part  <^dM 
world  have  been  discovert. 

89.  From  calculations  founded  on  the  barometieal  formula  con- 
trived by  the  celebrated  mathematician,  Laplace,  and  adapted  to 
the  estimation  of  heights,  it  appears  that  at  ike  elevatioB  of 
52,986  metres,  French  measure,  or  178,795  Englifi^  feet,*  the  rarily 
of  the  air  as  equal  to  the  utmost  degree  of  rarefection  whidi  can 
be  obtained  in  the  exhausted  reoeiver  of  an  air-pomp.  This  man^ 
festly  connot  be  the  extreme  altitude  of  the  atmospheric  oolumn, 
nor  is  it  possible  to  decide  that  point  with  certainty.  But  it  ap- 
pears from  the  observations  of  astrononaers  on  the  duration  of 
tvirilight  and  the  magnitude  of  the  shadow  of  the  earth  by  wiuch 
the  moon  is  eclips^,  that  the  rays  of  light  from  the  sun  are 
affected  by  the  medium  through  which  they  pass  at  the  distance 
of  from  40  to  50  miles  from  the  earth's  surface  ;f  and  therefore  it 
may  be  reasonably  inferred  that  the  atmosphere  extends  to  die 
altitude  of  at  least  45  miles  above  the  level  of  the  sea. 

90.  The  pressure  of  the  air  arising  from  the  joint  effect  of  ela^ 
ticity  and  weight  is  the  cause  of  a  great  number  of  phenomena 
constantly  taking  place  around  us,  and  immediately  depending  on 
the  operations  of  nature  or  art.  It  is  thus  that  the  effect  of  the 
instrument  called  a  sucker,  used  by  schoolboys,  is  to  be  explain- 
ed. It  consists  of  a  disk  of  moistened  leather,  with  a  string 
by  which  it  may  be  suspended  with  any  wei^  attached  to  it 

What  three  oircumstanoes  are  to  be  takea  iato  aoconnt  in  meanriv; 
heights  by  barometric  observations  ? 

At  what  height  has  LapUee  oalculabecl  that  air  will  have  as  great  a 
rarity  as  it  is  possible  to  produce  bj  the  air*painp  f 

What  height  of  our  atmosphere  ia  dedoeed  from  the  obiervatioai  tf 
astronomers  on  the  duration  of  twilight,  and  the  magnitude  of  dudovi 
in  eclipses  of  the  moon  ? 

*  A  French  metre  is  39.37  inches  English  meaaore,  or  9M  feet 
/  See  Treatise  on  Optict, 
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and  as  its  smooth  moist  surface  mny  be  pressed  so  closely  against 
the  flat  side  of  a  stone  or  other  body,  that  the  air  cannot  enter  be* 
twcen  them,  the  weight  of  the  atmosphere,  pressing  on  the  upper 
surface  of  the  leather,  makes  it  adhere  so  strongly  that  a  stone 
of  weight  proportioned  to  the  extent  of  the  disk  of  leather  may  be 
raised  by  lifting  the  string.  If  the  sucker  could  act  with  full 
Rflfect,  a  disk  an  inch  square  would  support  the  weight  of  14 
pounds ;  but  the  practical  effect  of  the  instrument  must  be  variable^ 
even  supposing  that  it  was  accurately  constructed. 

91.  Whenever  surfaces  are  brought  into  such  close  contact  that 
the  air  cannot  insinuate  itself  between  them,  they  will  be  pressed 
together  with  a  force  corresponding  to  the  extent  of  the  surface 
of^contact.  Hence  glass-grinders  and  polishers  of  marble  find 
that  the  substances  on  which  they  are  operating  by  friction,  when 
reduced  to  a  state  of  extreme  smoothness,  become  united  by  atmo- 
speric  pressure  so  firmly  that  great  exertion  is  required  to  sepa- 
rate them,  and  the  circumstance  is  the  cause  of  considerable  in- 
convenience. 

92.  The  adhesion  of  snails,  periwinkles,  limpets,  and  some 
other  crustaceous  animals,  to  rocks  and  stones,  is  effected  on  the 
same  principle.  TTie  surfaces  of  their  shells  at  the  opening  are 
capable  of  being  exactly  fitted  to  any  plane  surface ;  these  ani- 
mals have  the  power  of*^  producing  a  vacuum  within  their  shells 
when  thus  fixed,  and  the  atmosphere  consequently  presses  on 
them  with  a  force  proportioned  to  the  extent  of  exterior  surface. 
It  is  thus,  too,  that  a  common  hcuse-fly  is  enabled  to  run  with 
great  facility  up  a  perpendicular  pane  of  glass,  or  on  the  under 
side  of  a  horizontal  plane,  as  the  ceiling  of  a  room.  The  feet  of 
the  insect  are  provided  with  cavities,  the  sides  of  which  being 
adapted  to  the  surface  of  glass,  &c.,  by  some  internal  mechanism 
the  cavities  are  exhausted,  and  the  pressure  of  the  atmosphere  on 
the  minute  surface  of  the  feet  supports  the  insect  against  the 
power  of  gravitation.  That  such  small  animals  may  be  thus  sus- 
tained win  probably  appear  less  extraordinary  than  that  a  similar 
power  of  running  up  a  perpendicular  plane  should  be  possessed  by 
a  much  larger  creature. 

93.  But  Sir  Everard  Home,  who,  by  means  of  microscopical 
observations  explained  the  structure  of  the  fly's  foot,  as  connected 
with  its  mode  of  progression  on  walls  and  windows,  also  investi- 
gated the  anatomy  of  the  foot  of  the  lacerta  gecko,  a  kind  of 
lizard,  found  in  the  island  of  Java,  which  walks  up  and  down  the 
emootlily-polished  walls  of  the  Javanese  houses,  pursuing  the 
flies  on  which  it  feeds,  and  it  runs  upwards  to  its  retreat  in  the 

Iffow  is  atmospheric  pressure  illustrated  in  th^  stone-sucker  ? 
What  facts  do  marble  masons  experience  connected  with  the  same 
principle  ? 

What  facts  in  natural  history  prove  the  application  of  atmospheric 
prcHsnre  to  the  position  and  locomotion  of  animals  ? 

What  enables  flies  and  other  insects  to  walk  upon  u^^rx^V  iNit^«.^A%  %xA 
eeilinjgrs? 
How  mre  the  feet  of  the  gecko  formed  ? 

8   2 
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roots  of  houses,  thoogh  its  weight  is  someliines  6}  oonees.  h 
has  on  each  foot  five  toes,  and  on  the  under  side^of  each  of  thaM 
are  sixteen  transverse  slits,  with  seriated  edgjas,  and  pooches  be- 
tween them,  by  means  of  which  the  animal  u  enabled  to  form  a 
vacuum  within  the  cavities,  produced  by  the  application  at  the 
loose  membranes,  surrounding  the  under  sor&oe  of  the  toes,  to  a 
wall  or  any  other  smooth  plane.*  Nature  has  provided  animak 
of  far  supericHT  bulk  to  this  lizard  with  a  similar  organizaiion,  and 
for  the  same  purpose. 

94.  Sir  £.  Home,  from  an  examination  of  a  specimen  of  the 
amphibious  marine  animal,  called  by  naturalists  the  walrus,  firan 
the  Arctic  regions,  discovered  that  there  is  an  analogy  in  stmetms 
between  the  hind  foot  of  the  walrus  and  the  foot  of  uie  fly ;  so  thst 
this  large  clumsihr-ehaped  animal  is  enabled  to  proceed  upon  ths 
smooth  sur&ce  of  ice  against  gravity,  by  the  adhesion  of  the  feet, 
owing  to  atmospheric  pressure.t 

95.  Those  who  are  but  slightly  acquainted  with  natnral  history 
can  hardly  be  ignorant  of  the  faculty  belonging  to  the  fish  called 
remora,  which  fixes  itself  firmly  to  the  8i&  of  a  ship  or  to  that 
of  a  larger  fish,  as  a  shark ;  and  thus  it  travels  without  the  exer- 
tion of  swimming  from  one  part  of  the  ocean  to  anoUier.  It  has  a 
sort  of  sucker  on  its  head,  by  the  application  of  which  it  becomes 
attached,  the  pressure  of  the  surrounding  water  having  the  sams 
effect  in  this  case  as  that  of  the  air  in  those  previously  noticed. 

96.  Among  the  experiments  which  have  been  devised  to  demon- 
strate the  elastic  pressure  and  weight  of  the  atmosphere,  the  fol- 
lowing are  well  adapted  to  the  purpose. 

1. 

97.  Take  a  quart  bottle  and  drill  several  holes  in  the  bottom, 
then  set  it  in  a  wide-mouthed  ju^,  and  having  filled  it  quite  full 
of  water,  cork  it  securely.  On  liiUng  it  from  the  jugr  it  will  be 
found  to  hold  water  notwithstanding  the  perforations,  the  pressure 
of  the  atmosphere  preventing  its  escape ;  as  will  appear  on  takioff 
out  the  cork,  when  the  water,  being  equally  pressed  above  ana 
below,  will  run  out  through  the  holes  till  the  bottle  is  emptied. 

u. 

95,  A  wine-glass  filled  with  water  maybe  held  with  the  mouth 
downwards  without  spilling  a  drop.  The  means  by  which  this 
seemingly  marvellous  effect  is  produoed  are  extremely  simple.    It 

What  advantage  does  the  valrug  enjoy  in  oonaeqaence  of  the  pecoIUr 
structure  of  its  feet  ? 

By  what  apparatus  is  tlie  remora  enabled  to  adhere  to  the  sides  of  s 
vessel  or  tliose  of  a  larger  fish  ? 

In  what  manner  may  a  vessel,  the  bottom  of  whii  h  is  perforated,  be 
still  made  to  hold  water  ? 

•  See  AbstracU  of  Papers  in  Philos.  Trans,  fi-om  1800  to  1830,  vol  ii. 
p.  38. 
f  Idem,  p.  213. 
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19  TOBtejij  necefHary  to  place  a  piece  of  paper  on  the  surface  of  the 
water  with  which  it  must  be  every  where  in  contact,  and  also 
with  the  rim  of  the  glass,  which  i»  then  to  be  inverted ;  and  as 
the  air  cannot  get  in  to  act  on  the  liquid  above,  its  pressure  is  ex- 
erted against  the  under  surface  alone. 

III. 

99.  A  tumbler  or  goblet  may  be  filled  with  water,  and  the 
surface  being  covered  as  before  with  paper,  which  may  be  held 
up  with  the  palm  of  the  hand,  while  it  is  suddenly  inverted,  then 
placing  it  on  the  surface  of  a  smooth  table,  the  paper  is  to  be  with- 
drawn, and  the  water  will  remain  suspended  m  the  glass ;  which 
wiU  adhere  closely  to  the  table  from  the  pressure  of  the  atmo- 
sphere. Any  one  may  now  be  safely  challenged  to  lijft  the  glass 
vertically  without  spilling  every  drop  of  the  water;  for  it  would 
require  some  exertion  to  move  the  glass  at  all  upwards,  and  as 
soon  as  it  was  elevated  on  one  side,  the  included  water  would 
oak  down  and  escape. 

100.  It  is  in  consequence  of  the  unrestrained  pressure  of  the  at- 
mosphere that  liquor  will  not  flow  from  a  cask  afler  it  has  been 
t!q>ped  or  pierced,  unless  another  opening  be  made  sus  a  vent-hole 
in  me  upper  part  of  the  cask :  for  till  this  is  done  the  force  of  the 
air  pressing  on  the  mouth  of  the  tap,  having  nothing  to  counter^ 
balance  it,  would  support  a  column  of  liquor,  if  the  cask  was  air- 
tight, the  height  of  which  would  be  proportioned  to  the  specific 

Gravity  of  the  liquor.  When,  however,  the  air  is  enabled  to  act 
irough  the  vent-hole  above,  the  pressure  below  is  counterba- 
lanced, and  the  liquor  descends  and  runs  through  the  tap  by  the 
effect  of  its  own  weight.  The  operation  of  the  same  principle 
may  be  observed  in  using  a  tea-pot ;  for  there  is  always  a  small 
hole  in  the  lid  through  which  the  air  enters,  and  without  which 
the  liquid  would  not  flow  from  the  spout,  if  the  lid  fitted  close,  as 
it  ought. 

101.  Many  circumstances  of  frequent  occurrence  may  be  trSiced 
to  the  influence  of  atmospheric  pressure  acting  irregularly.  The 
stoppage  of  a  supply  of  water  from  wells  and  fountains  during  a 
frost  is  sometimes  owing  to  this  cause ;  for  the  frost  does  not  ex- 
tend far  beneath  the  sunace  of  the  earth,  hut  it  consolidates  it  so 
as  to  prevent  the  access  of  air  to  the  channels  of  water  from  which 
Tountains  and  wells  are  fed,  and  thus  the  atmosphere  pressing 
only  on  the  open  well  prevents  the  water  from  entering  it  as  usual, 
till  a  thaw  takes  place,  and  the  ground  again  becoming  pervious 
to  the  air,  it  acts  on  the  feeding  springs,  and  the  water  rises  in 
the  well. 

How  is  the  paradox  of  the  inrerted  glai g  of  water  to  be  explained  ? 

How  ipay  a  full  goblet  be  inverted  upon  a  table  without  spilling  its  eon- 
tents  ? 

How  is  atmospheric  pressure  concerned  in  the  discharge  of  liquid  from 
s  cask,  urn,  or  other  close  vessel  ? 

In  what  manner  can  you  account  for  the  occasional  .failure  o'(  ^\it\ti^ 
»n  severely  eoJd  wetither/ 
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109,  The  instniment,  called  in  French  Tftte-liqueiir« 
or  (/hanteplenr,  and  that  used  in  filling'  essence-bottles, 
not  on  the  principle  of  atmospheric  pressure.  Their  con- 
struction and  effect  will  be  readily  apprehended  from  in- 
spection of  the  annexed  figure,  which  represents  a  small 
conical  tube,  A  B,  open  at  both  ends ;  and  when  in  this 
state  the  lower  orifice  is  plunced  beneath  the  surface  of 
any  liquid,  a  portion  of  it  will  enter  at  A,  and  fill  that 
part  of  the  tube  A  C,  which  Is  immersed  in  the  liquid ; 
if  then  the  upper  extremity  B  be  closed  alr-tieht  by 
placing  the  thumb  over  it,  the  tube  may  be  lifled  out  of  the  liquid, 
and  the  pressure  of  the  air  below  will  prevent  it  from  escaping, 
till  the  Uiumb  is  removed,  and  the  air  tnus  allowed  to  act  on  the 
surface  of  the  liquid  at  C.  The  lengrth  of  the  tube  to  raise  water 
in  this  manner  might  obviously  be  extended  to  more  than  30  feet; 
as  the  height  of  uie  liquid  column  which  the  atmosphere  would 
keep  suspended  would  be  greater  or  less  according  to  its  specific 
gravity.  Such  instruments  of  a  moderate  length  are  conveniently 
applicable  to  the  purpose  of  withdrawing  a  small  quantity  of  any 
liquor  through  the  bung-hole  of  a  cask. 

103.  The  Siphon*  ^ords  another  illustration  of  the  principle 
under  discussion.  It  is  employed  for  the  purpose  of  decanting  or 
drawing  off  liquors,  and  is  variously  constructed.  If  an  open  tube 
of  small  diameter,  bent  into  the  shape  of  the  letter  U,  be  filled  with 
water,  and  the  curved  side  turned  upward,  the  liquid  will  be  sus- 
pended by  the  pressure  of  the  air  on  the  open  extremities,  while 
the  tube  is  held  in  such  a  position  that  the  columns  of  liquid  in 
both  legs  shall  be  exactly  of  the  same  height;  but  if  the  tube  bo 
inclined  at  one  side  more  than  the  otlier,  so  as  to  destroy  the  equi- 
librium, the  water  will  run  down  and  escape  through  that  end 
which  is  at  the  lowest  level.  So  if  a  common  siphon,  or  bent 
tube  with  one  side  longer  than  the  other  be  filled  with  water,  and 
inverted  or  held  with  the  open  ends  downward,  the  atmospheric 
pressure  acting  equally  on  both  sides,  and  the  liquid  columns  be- 
ing unequal,  the  water  will  escape  through  the  longest  leg,  falling 
in  virtue  of  its  own  specific  gravity.  But  if,  when  such  a  siphon 
is  filled,  its  shortest  ies  be  plunged  beneath  the  surface  of  water, 
not  only  will  the  liquid  all  run  out  of  the  longest  leg,  but  it  will 
also  rise  in  the  shorter,  and  be  dischargfed  from  the  other  in  a  con- 
tinued stresun,  till  it  sinks  below  the  open  end  of  the  shorter  le^. 

104.  If  the  siphon  be  used  without  previously  filling  it  with 

How  may  we  apply  the  pressure  of  air  to  tlie  purpose  of  raising  small 
quantities  of  liquor  from  a  cask  P 

To  what  lenglli  might  a  tube  for  this  purpose  be  extended  ? 

Wliat  is  tlie  construction  and  ut^  of  tne  siphon  } 

'\>'hMt  principle  besides  that  of  atmospheric  pressure  is  concerned  in 
producing  the  continued  action  of  the  siphon  p 

Why  will  not  the  siphon  act  without  previously  filling  both  legs  of  the 
tube  } 

•  From  ibe  GTeeVL>:»^v««,9iVa^^ 
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tbe  UqnM  to  be  daouited,  thouRfa  the  liqnid  will  Hm  in  the  Bhurter 
leg,  it  will  not  Mcand  be  joud  ito  -swn  l«val,  u>  u  to  p«u  d>s( 
thsiiend  of  the  tube,  and  eacspe,  nnlsM  the  air  be  dnwn  out  of 
the  loD^  leg.  HeDoe  the  atilit^  of  that  kind  of  siphon  repre- 
Beoted  ui  the  raargiD,  the  peculianty  of  which  entirely  consists  in 
the  addition  of  the  tube  C,  open  at  the  up- 
per end,  and  commuDicatlne  below  with 
(he  longcileg  of  the  siphon  B,  He  short- 
e»  leg-  A  then  being  plunged  into  the  bnng- 
hole  of  a  cask,  or  into  any  other  Teseel 
aoaluaiDg'  liquor,  the  opentne  B  ia  to  be 
slopped  .with  the  hand,  or  otherwise,  and 
by  enctioii  at  C,  the  liquor  may  be  made 
to  pass  over  the  bend  and  fill  the  leg  B, 
when  being  suffered  to  escape,  it  continues 
to  dow,  as  long  as  the  extremity  A  is  im- 
mersed in  it.  Large  Bipbona  of  this  sort, 
made  of  copper,  and  furnished  with  a  stop-cock,  just  above  ^e 
opoDJQg  B,  may  ofUm  be  seen  in  action ;  being  uied  by  the  dis* 
tulera  end  liqoor-menihsnts  to  draw  off  spirits. 

lOG.  Tte  Wirtemhew  Siphon,  shown  in  the  following  figure, 
when  once  filled  with  Uqaid,  will  remain  so,  and  hence  may  be 
hunff  op  in  that  ilate  ready  for  use.  One  1^  A  being  plunged 
int<'  «  veBiel  of  the  liquid  to  be  drawn  off,  it  will  escape  throuch 
^_,,^  the  open  extremity  B,  in  conaeqoence  of  the  addi- 
tional pressure  of  the  liquid  in  the  vessel  at  A ;  thus 
it  will  appear  that  this  siphon  acts  somewhat  diOe- 
renlly  from  those  of  the  common  constmcCion,  though 
it  is  applietble  to  similar  purposes. 

106.  TaotaluB's  Cno,  or  the  Magical  Goblet,  is  an 
amusing  pbiloBophical  toy,  which  consists  of  a  cnp 
with  a  cavity  at  the  sides  or  bottom,  or  both,  wiu 
irtiieh  the  longer  leg  of  a  siphon  communicates ;  bo  diet  when 
water  is  povred  into  the  cup  high  enough  to  overcome  the  pres- 
mue  of  the  sir  on  die  end  opening  into  the  cavity,  the  liquid  will 
ainJc  in  the  onp,  and  ma  into  the  cavity ;  and  thus  it  can  never 
tiM  so  high  as  die  moadi  of  the  figure  within  which  the  siphon  is 
eenMalea;  Mid  tbe  classieal  bble  of  Tantalus  is  realited.  There 
moat  be  bd  aperture  near  the  rim  of  the  cup  to  admit  air  into  the 
cavi^,  or  rawer  to  suffer  it  to  escape,  and  by  closing  it  with  tiie 
finger,  the  cup  may  be  filled  to  the  onm;  but  as  soon  as  it  is  un- 
closed the  water  will  rank  as  before.  If  a  hollow  handle,  com- 
municating with  the  lateral  cavity,  be  fitted  to  the  cup,  tlie  bole 
may  be  so  placed  at  the  inner  side  of  the  handle  as  to  escape  no- 
'"'"■■     '"  ur  astonishini    "    "'  '   '   ' 

e  pressure. 

To  what  practical  pnrjHMe  U  ihe  liphon  freqoently  spptied  1 
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107.  IntermitUngr  fountains,  or  periodical  springs,  arc  found  in 
Bome  planeH.  and  from  tbp>  caprioious  and  apparently  unacconnta- 
lile  irregularitv  of  such  streams  thej  have  Imnbu  regarded  as  mira- 
culous, in  dark  ages,  and  have  ffiven  rise  to  abundance  of  super- 
stitions among  the  common  people.  TKere  is  a  remarkable  sprinv 
of  this  kind  called  Lajrwell,  near  Torbay,  in  Devonshire,  Engluia, 
add  the  peculiarity  of  this  and  other  intermitting  fountains,  may 
be  satisiactorily  shown  to  -arise  from  the  operation  of  siphons 
formed  by  nature,  communicating  with  subterraneous  reser- 
voirs.* 

108.  The  siphon  maybe  made  available  for  the  purpose  of  con- 
veying water  over  the  side  of  a  pond  or  reservoir  into  another, 
provided  the  latter  is  on  the  same  or  a  lower  level  than  the  form- 
or.  It  was  thus  very  ingeniously  applied  by  a  French  engineer, 
M.  Garipuy,  in  1776,  to  discharge  the  surplus  quantity  of  water 
from  the  canal  of  Languedoc,  when  it  had  been  raised  above  the 
proper  level  by  the  influx  of  water  at  the  mouth  of  the  river  Ga- 
ronne during  a  storm. 

109.  Whenever  water  is  conveyed  by  pipes  from  a  higher  to  a 
lower  level,  over  an  intervening  eminence,  the  principle  on  which 
the  siphon  acts  must  be  adopted ;  and  thus  water  may  be  made  to 
pass  over  any  height  not  much  exceeding  30  feet.  It  is  thus  con- 
ducted from  Lochend  to  Leith,  near  Edinburgh,  through  pipes, 
the  intermediate  ground  being  8  or  10  feet  above  the  fountain  head. 
It  is  necessary  that  the  water  shguld  be  driven  in  the  first  instance 
beyond  the  most  elevated  part  of  the  pipe  by  a  forcing-pump,  and 
it  then  continues  to  flow  by  the  influence  of  atmospheric  pressure. 
But  as  air,  always  loosely  combined  with  flowing  water,  will 
be  gradually  extricated  from  it  at  the  bend  or  highest  part  of  the 
pipe,  it  will  at  length  there  accumulate  so  as  to  stop  the  flux  of 
the  water.  When  this  happens,  the  forcing^pump  must  be  worked 
to  renew  the  current. 

1 1 0.  From  what  has  been  stated  with  regard  to  the  siphon,  it 
follows  that  it  can  only  be  used  for  transferring  liquids  from  higher 
to  lower  levels ;  therefore  when  water  or  any  other  liquid  is  to  be 
raised  by  means  of  atmospheric  pressure,  some  kind  of  pump 
must  be  employed.  Pumps  are  variously  constructed.  The  mar- 
ginal figure  below,  (111,)  represents  the  common  suction  pump, 
which  is  nothing  more  than  a  syringre  so  contrived  that  the  water 

With  M-hat  natural  phenomena  are  the  principles  of  the  siphon  eoo- 
nected  ? 

From  vrhat  source  do  intermitting  spring  derive  their  supply  of  water? 

For  what  hydraulic  operations  may  the  siphon  be  employed  ? 

How  high  may  water  be  made  to  pass  over  a  barrier  r 

In  what  manner  is  the  siphon  trunk  for  such  purposes  usually  filled  ? 


*  For  an  account  of  Lavwell,  see  Philos.Ti-ans.jNow  424;  see  also  No*. 
119,  189,  192,  and  384.  Thein;  is  an  interesting  paper  on  the  noted  inter- 
iiuiii..}r  spring  at  Giggleswick,  in  Yorkshire,  by  Mr.  Gough,  of  Kendal, id 
Nicholson's  Journal  of  Natm*a\  P\\\\oaov\\y^  ^no. 


dnwn  into  it  puses  through  the  piston  by  mpans  of  a  tbIve,  an 
U  discharged  above  it,  instead  of.  being'  again  forced  mit  bHnv 
m.   ±.   -— ^-^  of  thjg  LnBtrument  is  attributed  by  Vilniviiis  \ 


CleaibioB  oi  CteseU^,  an  Athenian  engine 
diia,  in  Egypt,  about  the  middle  of  tKe  s 


cond  century  b 


of  syringes,  lire-en crines,  and 
milar  prineiples  is  deHcribed  by  his 
Pneumatics,  stiil  extant. 
111.  The  suction-pump  consists  of 
two  hollow  cylindric  pipes  A  apd  B, 
the  latter  of  which  usu alt y  Isnninstps 
below  in  a  perforated  ball,  through 
which  the  water  in  the  well  enters 
freely  into  the  saction-pipe ;  and  at 
its  other  extremity  is  a  valve  D,  open- 
ing upwa.rdi,  and  affording  a  com- 
municatioD,  when  open,  wiUi  the  up- 
perpipe  A.  In  this  pipe,  constituting 
the  barrel  or  body  of  the  pu'i  p,  the 
piston-  B  moves  ur-tight  vertically, 
and  by  its  valve  C  opening  apwarik, 
it  permits  the  water  to  pass  above  it 
and  be  discharged  at  the  spout.  Now 
suppose  the  piston  to  be  at  the  bot- 
tom of  the  barrel  in  contact  with  the 
valve  D,  on  lifUng  the  former  by  d<v 
pleaaing  the  lever  handle  of  the  pump,  connected  with  the  piston- 
md  at  F,  the  valve  C  will  be  closed  by  the  pressure  of  the  sir 
tbore,  and  a  vacuum  being  thus  formed  in  the  barrel,  the  same 
pressure  on  the  surface  of  the  water  in  the  well,  will  drive  It  up 
liie  Buction^ipe,  and  nusing  the  valve  D,  the  water  will  enter  the 
exhauBted  Irarrel,  whence  by  depressing  the  pistou,  the  valve  D 
will  be  shut,  and  that  at  B  rising,  the  water  will  paSB  upwards  and 
be  discharged  through  the  spout.  The  first  effect  of  working 
nch  ft  pump  must  be  to  form  a  partial  vacaumin  the  barrel  of  the 
pump,  and  the  upper  part  of  the  pipe  E,  and  it  will  be  only  after 
Ike  whole  of  the  included  sir  has  been  expelled  through  t''"  "'"- 


while  the  equivalent  pressure  above  is  counteracted  by  the  manuel 
brce  applied  to  the  handle  of  the  pump. 

IIS.  The  BQction-pump  eaooot  raise  water  beyond  ^e  extent  of 
Mtion  of  atmospheric  pressure,  the  atmost  limit  of  which  will  be 
about  34  feet;  so  diat  the  height  of  the  valve  D  above  the  level 

Dncrlbe  the  eonrtniBrion  ind  opentlon  of  the  eDmman  pump. 

To  whom  ii  iu  iavcntion  «lribawd  > 

B*  whom  were  qiringeisnd  Gn-enginei  flrit  deieribed  f 

Whst  doKi  the  upper  ndn  of  Ibe  MCIion  panp  baron  it  hsi  beaome 


of  the  wftter  in 
iinleM  the  pum 
its  descent  fits  t 


the  well  muat  n  _    _..     _    ,  __ 

tbe  accurately  oonatruetwl,  Bo  ttiat  the  piston  ii 
me  to  the  bottom  of  the  baml,  so  aa  to  fbrm  » 
ID  it8  aseeat,  the  #ster  will  not  liaa  to  the  o^ 


I,  th*t  though  tbiB  will  be  tlie  eSbcl  wfaen  t] 


in  the  beet  working  tnder,  the  tbIvm  and  pipes  being  sir-tin^ 
yet  s  pump,  the  saction-pipo  of  whlcli  has  beea  damagM,  so  Ml 
B  BQiall  quBQtiW  of  a" 


pump,  the  sactioD-pipe  of  whlcli  has  beea  damagM,  so  n 
■  r  nearly  as  hi^ 
again  as  a  good  pump. 

1 1 3.  A  tinman  of  Seville,  in  Spain,  ignorant  of  the  principle*  of 
science,  undertooli  to  construct  •  siuition-piiuip  to  raise  water  &an 
a  well  60  feet  deep  :  when  the  machine  waa  finished,  he  was  god- 
fonnded  at  discovering  that  it  had  no  powei  to  raise  irater  at  ill, 
and  enraged  at  his  disappointment,  while  some  one  was  worldsg 
the  pump  he  struck  the  snction-pipe  with  a  hammer  or  axe,  m 
forcibly  as  to  crack  it,  when  to  his  suiprise  and  delight  die  water 
almost  immediately  began  to  flow,  end  he  found  that  he  had  ^ni 
attained  hie  purpose.  This  happened  about  1766,  when  M.  La- 
eat,  B  celebrated  surgeon,  then  at  Rouen,  in  Normandy,  being  in- 
.formed  of  it,  made  a  similar  experiment  on  a  pomp  in  his  gara«i| 
by  boring  a  small  hole  in  the  sucltnn-pipe,  lb  feet  above  the  lerel 
of  the  water  in  the  cistern,  and  having  adapted  to  it  a  stopcock, 
he  found  that  when  it  was  open  the  water  could  be  discharged  al 
the  height  of  55  feet,  irislead  of  from  30  to  34  as  before.*  llw 
circumetaoce  admila  of  an  obvious  explanation,  the  eHect  heisg 
analogouB  to  that  exhibited  hj  jeis^atu,  when  e'  ' 
with  the  acendlng  colnmn  of  liquid.'l'  lius  in  tl 
pump,  the  air  pressea  in  through  the  slit  or  apertare  in  lae  nv 
tion-pipe,  and  becoming  mixed  with  the  water  m  its  ascent,  forau 
a  compound  Raid,  fiur  lighter  than  water  alone,  and  therefore  acted 
upon  by  atmospheric  pressure  raoif 
readily,  and  thus  it  produces  the  nhe- 
nomenon  described, 
there  are  other  and  n 
methods  of  i 
heights,  the  c 
^=3—  j  -,\  :  ,i  :  ---■=  is  not  to  be  recommended, 
g:,^-.     ;    ,'  "-        114.  The  Lifting-pump,  as  repro' 

ff^~—    I  sented  in  the  margin,  acta  in  mncb 

=^---  =    the  same  manner  as   the  precedingi 

&i---  '.'  —    but   the  machiuery  is   reversed.    Il 

^gil  I   r      \  consists  of  a  hollow  cylinder  or  barrel 

&JL  _      I     ;  j. .    \ — .  ^  :    A  B,  in  which  is  fixed  the  valve  6,  i 
fe=--.  Jjt^Jll^^^^    little  below  the  level  of  the  water  in 
^^^g    the  well  or  reservoir.     A   piston  F 
with  a  valve  opening   upwards,  fli 
•   into  the  lower  part  of  the  baml,  is 

■V.Sw  ' 

tSee  Bi/rtrouUa,  No.  It. 


r  is  mingtel 
I  case  oTthl 


However,    ai 

)re  efficaciont 

■ater   to  gtaW 

just  noticed 
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wUtdt  it  ifl  moTed  Teitically  b;  meana  of  the  frame  B  C  D  E,  eon- 
Deeted  with  the  pUton-rod  I.  Now  when  the  pieton  is  atthe  bot- 
tom of  the  barrel,  the  pressure  of  tiie  atmospnere  on  the  sujbce 
of  the  water  in  the  weA  will  open  ^e  piston  valve  j  and  the  wa- 
ter will  liM  to  the  aaoic  height  within  the  barrel  as  without;  and 
on  lifUcg  the  pierton,  its  valve  F  will  close,  and  the  water  ihore 
it  will  be  driven  bj  the  openinp  of  the  valve  G,  into  the  upper 
part  of  the  banel :  then  the  piston  being  depressed  again,  the 
valve  F  will  open  to  admit  more  water  into  the  lower  part  of  the 
barntl,  while  that  above  will  be  prevented  Irom  returning  bv  the 
eloMng  of  the  valve  G  ;  and  thus  bv  continued  working  of  the 
piston,  the  water  will  rise  in  the  barrel  till  it  escapes  b;  the  sponU 
115.  Id  both  the  SDCtion-pamp  and  the  lifting-purap,  the  water 
will  be  discharged  by  jets,  unless  a  kind  of  reservoir  is  made  b^ 
die  ealargement  of  the  barrel  above  the  spout,  in  which  caae  it 
may  be  made  to  flow  in  a  continuous  stream. 

116.  The  forcia^-pump  is  another  form  of  this  tise- 
fbl  machine,  combinkng  in  a  great  degree  the  proper- 
ties of  thoke  already  described.  It  is  composed  of  ■ 
boUon  eylinder.the  lower  end  of  which  dips  into  the 
water  in  the  well;  just  above  the  valve,  in  the  nppei 
part  of  this  cylinder,  a  lateral  pipe  branches  off,  naT- 
ing  at  a  short  distance  from  its  orinn  another  valve, 
both  valves  opening  upwards;  and  in  the  upper  part 
of  the  cylinder  or  barrel  is  a  solid  piston  or  plooger, 
fiioving  aii-^ght  verticallv.  Now  if  the  pietoD  be 
depre^ed  to  the  lower  valve,  and  then  raised,  that 
will  open,  while  the  valve  in  the  lalerai  pipe  remains 
closed,  and  the  pressure  of  the  atmosphere  on  the 
water  in  the  well  will  cause  it  to  rise  a  litlle  and  ei- 
pel  a  part  of  the  air  through  the  first  valve ;  the  pis- 
ton then  beinr  lowered  uiat  valve  will  close,  and 
sit  be  expelled  through  the  other  valve;  thns  every 
elevation  of  the  piston  will  make  the  water  rise  higher  in  the  cy- 
linder till  it  has  expelled  all  the  air,  and  it  will  consequently,  at 
the  next  lifting  of  the  piston,  pass  above  the  first  valve,  and  tha 
piston  being  again  lowered,  as  tiie  liijnid  cannot  descend,  ihe 
valve  being  closed,  it  will  be  forced  into  the  lateral  pipe,  throu^ 
its  valve,  and  as  it  is  prevented  from  letuming  again  by  that  valve, 

WhM  1i  the  gre*t«t  heMit  to  whish  vitcr  may  be  drawn  np  by  ■  well 
«qtiitnHt«d  pump  oS  thit  fonn  t 

In  what  manner  wai  il  diHOTrred  llMti  niitarcaf  air  uid  water  may, 
hj  die  ution  o(  ■  pump,  be  niied  higher  than  M  feet  I 

How  il  Ihii  lUiiw  eipUined  > 

Of  what  doe>  the  liRin^punip  eondil  f 

Il  the  lifUne-punip  lloiiied  to  any  parlieaUr  height  to  wbitb  it  can 
niiB  the  liqnid  eoluinn  > 

In  what  manner  ha  eooitant  itre^m  matnUlaed  either  In  the  liftlBf  or 

DeairiEf  ^  form  and  aeliDO  of  the  famii^pump. 
Whieb  pt ihe  preteding  pniapt  eooMitutei  a  yatttkt  QtLiil 
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it  will  continue  to  ascend  with  every  down-stroke  of  the  piston* 
and  may  thus  be  raised  to  any  height  required 

jll7.  In  a  pump  of  this  kind,  the  stream  will  be  intermitting, 
unless  there  be  a  cistern  above  the  spout,  to  form  a  head  of  water 
which  may  act  by  hydrostatic  pressure ;  or  the  same  object  may 
be  more  effectually  attained  by  closing  the  force-pipe,  so  that  a 
portion  of  condensed  air  may  press  on  the  surface  of  the  water 
after  it  has  passed  the  valve,  and  an  open  tube,  fitting  air-tight, 
entering  the  chamber,  and  having  its  lower  extremity,  plunged  oe- 
neath  the  surface  of  the  water,  uiat  liquid  will  be  <mven  up  it  by 
the  pressure  of  the  included  air,  and  form  a/^Z-cTeotf,  or  flow  in  a 
regular  stream,  according  to  the  disposition  of  the  spout  or  mouth- 
piece. 

118.  The  fire-engine  is  a  modification  of  the  forcin^pump,  con- 
sisting essentially  of  two  working  barrels,  like  an  air-pump,  but 
fitted  with  solid  pistons,  and  valves  corresponding  with  those  of 
the  forcing-pump ;  and  thus  water  is  drawn  from  any  reservoir  or 
other  source  of  supply,  and  propelled  into  a  strong  air-chamber, 
from  the  upper  part  of  which  passes  a  tube,  having  its  inferior  ex- 
tremity dipped  under  the  surface  of  the  water,  which  is  thus 
driven  through  it  by  the  pressure  of  the  condensed  air.  The  tube 
just  mentioned  may  be  connected  with  the  part  that  enters  the 
air-chamber  by  a  universal  joint,  and  thus  its  extremity  may  be 
conveniently  turned  to  throw  water  in  any  direction;  or  as  more 
usual,  it  may  have  fitted  to  it  a  flexible  leathern  pipe  or  hose,  by 
means  of  which  the  stream  may  be  conducted  to  any  spot  where 
it  may  be  made  to  act  with  the  gpreatest  effect. 
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119.  The  laws  which  regulate  the  ascent  and  descent  of  floating 
bodies  have  been  generally  elucidated  in  treating  of  specific  gra- 
vity, as  connected  with  the  science  of  Hydrostatics.  It  was  there 
demonstrated  that  liquids  differing  in  density  when  placed  in  con- 
tact would  assume  an  arrangement  depending  on  their  relative 
weights  or  densities,  the  heaviest  always  sinking  to  the  bottom  of 
the  containing  vessel,  and  the  others  floating  at  heights  corres- 
ponding to  those  weights.*  Solids,  immers^  in  liquids,  in  the 
same  manner  either  sink  or  float  according  as  they  may  be  heavier 
or  lighter  than  the  medium  in  which  they  are  placed.  Thas  if  a 
vessel  were  partly  filled  with  mercury,  and  water  standing  above 

VVIiAt  device  mHiatains  a  constant  efllux  in  the  forcing-pump  f 
WtiHt  are  the  essential  parts  of  the  fire-engine  ? 

Wliat  device  enables  the  fireman  to  direct  the  stream  jo  any  direetioo, 
Mrrnrdine:  to  circumstances  ? 


*  Soe  ffj/drottatict,^o.7^. 
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it,  then  on  dropping  into  it  a  piece  of  iron,  the  solid  metal  would 
be  seen  to  fall  throuffh  the  upper  stratum  of  the  liquid  mass,  and 
stop  at  the  surface  of  the  lower  stratum,  as  consisting  of  a  metallic 
fluid  more  dense  than  the  solid  metal. 

120.  An  analogous  effect  might  be  exhibited  with  gases  of  dif- 
ferent densities.  If  a  quantity  of  carbonic  acid  or  fixed  air  were 
to  be  poured  into  a  large  glass  iar,  so  as  to  fill  the  lower  half  of 
it,  the  upper  part  of  the  jar  would  be  occupied  by  atmospheric  air, 
as  the  lighter  of  the  two  fluids ;  and  any  bodies  of  specific  g^vity 
iate*Tnediate  to  these  gases,  as  soap  bubbles,  being  let  loose  over 
the  jar  would  fall  through  the  upper  stratum  of  gas,  and  be  ar- 
rested by  the  lower,  on  the  surface  of  which  they  would  float,  just 
as  a  cork  would  float  on  water. 

121.  A  great  number  of  substances  of  various  kinds  are  sus- 
pended in  the  atmosphere  within  a  moderate  distance  from  the 
surface  of  the  earth ;  some  of  them,  in  consequence  of  their  ex- 
treme minuteness,  belonging  to  the  class  so  picturesquely  de- 
scribed by  Shakspeare  as  **  the  motes  that  people  the  sunbeam.'' 
Tliese  floating  corpuscules  appear  to  be  numerous  in  proportion  to 
die  heat  of  the  air ;  and  hence  they  are  much  less  frequent  in  win- 
ter than  in  summer. 

122.  **  We  are  ignorant  of  the  precise  nature  of  this  fine  pow- 
der. Perhaps  it  may  be  a  mixture  of  inert  matter  extremely 
divided,  with  the  exauisitely  small  germs  of  various  species  of 
organized  bodies,  as  tne  eggs  of  insects,  the  seeds  of  plants,  and 
likewise  the  fecundating  powder  from  the  stamens  of  flowers.  It 
is  in  fact  known  from  uie  observations  of  naturalists,  that  under 
many  circumstances,  animalcules  and  minute  vegetables  of  dif- 
ferent species  become  developed,  though  it  is  im]>ossibIe  to  per- 
ceive the  germs  from  which  they  are  derived.  It  is  certain,  also, 
that  flowers  furnished  with  pistils  only,  (as  those  of  the  date 
palm,)  are  fecundated,  and  bear  fruit,  though  the  plants  furnished 
with  stamens  are  found  at  considerable  distances,  and  even  sepa- 
rated from  the  others  by  vast  tracts  of  sea.  All  these  observations 
tend  to  confirm  the  hypothesis  of  the  transmission  of  germs,  and 
fecundating  powders  by  means  of  the  atmosphere.  Indeed  we 
take  nature  m  the  fact,  as  it  were,  under  many  circumstances ; 
Uins  plumose  or  tufted  seeds  are  frequently  observed  flying  in  the 
air,  as  those  of  the  lettuce,  the  dandelion,  and  others,  with  which 
<Adldren  sometimes  amuse  themselves.  And  it  may  be  perceived 
that  the  seeds  of  many  species  of  vegretables  are  uimisned  with 
<lelicate  membranes  or  wings ;  as,  .^r  instance,  those  of  the  fir 

What  analog  exists  between  the  phenomena  of  liquids  and  those  of 
gtses,  when  different  kinds  are  poured  tnto  the  same  vessel  ?- ' ' 

Give  examples  of  that  analogy. 

In  what  manner  is  the  floniing  dust  of  the  atmosphere  seen  in  warm 
•Qnnj  weather  to  be  aeeounted  for  ? 

Ii  the  aseension  of  those  submanees  from  the  earth  rendered  probable 
^  any  known  facts  in  natural  hi  torv  ? 

What  seems  to  be  thf  design  of  the  thin  membranes  and  delicate  ^«.  ' 
aaiDer  with  whieh  the  seeds  of  certain  plants  are  far\\\«^«i^^ 
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tha  elm,  be.,  which  seem  lomied  exprestlj  in  older  that  the  wind 
mar  raiM  them,  bo  that  thej  ma;  be  transported  In  all  dtroetioiw, 
and  thna  eontribale  to  the  propagation  of  tka  speciea  to  which  the; 

123.  "  Rnlatirelv  to  the  fecDDdating'  powders,  it  aaj  ba  re- 
lematked,  An  in  foresta  orptnea  and  an,  at  the  period  of  flowe^ 
in)r,  the  ground  ia  corered  Tor  aeTBTa]  daya  with  an  extremelf  fine 
light  powder,  which  becomee  tajsed  in  the  ah  bj  the  winds  in 

SrodiginuB  quantities,  and  conTered  to  distant  plaeea,  wheie  fts 
RBcending  clonds  have  been  often  intstaken  for  abowen  of  anl- 
phur.  Also  during  die  season  of  the  lloweriny  of  wheat,  the  fe- 
cundatinE  dnst,  or  pollen,  ma;  he  aeen  <Io«tiiig  orer  the  fields 
lilte  a  Ihwk  miet-"* 

134.  The  modem  Ml  of  eercststion,  or  ss  it  baa  been  »ors  eor- 
recti;  a^led  aeronaotica,  depends  oo  the  applicalion  of  the  prin- 
ciple of  specific  gravitj  to  the  action  of  mea  on  solid  bodies,  and 
the  consequent  motion  of  the  latter  throngh  the  atmoepheiD. 
After  the  invention  of  the  air-pnmp,  when  the  mechanical  prope> 
ties  of  the  air  had  been  experimentally  demonVrete^t  tte  Msi- 
bilit;  of  contriTing  a  machine  for  the  porpoae  ot  nsTigstiDE  the 
Btmoapheric  regions  became  a  faTonnte  subject  of  specniation 

I3&.  Bishop  Wilkina,  a  distinguished  mntlieniatician,  a^d  one 
of  the  earliest  memtiers  of  the  Royal  Society  of  London,  was  so 
far  convinced  that  a  method  of  imvpillng  tkroufih  the  air  uif^t 
be  discoTered,  that  he  hatsrded  ihe  opinion  thai  the  time  would 
come  when  a  man  about  to  take  a  journey  would  caJl  for  hia  wings 
as  fiuniliarly  as  hemig^tnon  fnr  his  boots.  But  the  idea  uftnlLng 
advantage  of  the  piindple  of  specific  gravity  to  fyrm  a  %  Lng-engine, 
that  ahonld  rise  In  eonseqoence  of  it«  being  lighVi  than  qn  equal 
balk  of  air,  appears  whav*  been  first  published,  if  not  conteived, 
by  Francis  Lana,  an  ingenious  Jesuit.  The  scheme  hi^  proimaiid 
was  that  of  attaching  to  a  cbj  four  hollow  globes  of  cnuper,  »'hlrh 
were  to  be  exhausted  h;  menna  of  an  air-pump  i  and  which  he 
imagined  would  have  sufficient  ascending  po^er  to  sleTate  the 
car  and  the  aeronautic  adventorer.  It  seems  to  hare  been  merely 
a  theoretical  project,  which  must  have  failed  in  Ihe  attempt  to  ex* 
eeute  ft ;  ht  matfaer  globes  of  copper  nor  any  othM  aabatance 
known  eonld  be  manufkotured  in  anch  a  manner  aa  lo  be.  at  once 
buoyant,  ftnm  the  thinness  of  tihs  sides,  and  strong  eitoagh  to  re- 
sist atmospheric  pressure. 

Willi  reiMrtible  (ppearanee  ii  onen  nhlblicd  by  Ilw  Mrbse  of  the 
«rth  in  the  floverini  K*un  of^iKi,  Gri,k«.' 

How  nrlr,  and  bj  abal  iwcurreiiMi,  wen  dkd  IndDsed  to  stumpl  •» 
rial  ■•■•Igslion  > 

Wlwt  Hripran  to  luire  bren  ih>  nrlieitsonarp^n  of  dii*«[|hieet,nd 
ix-M  m  it  Siffrr  from  .l.r  i.lri.  of  Ls...  >  ^^ 

Why  w»  ihit  iii-i^rsl  of  the  Liiii-r  impruiiiMbli!  f 

•  Bmidsnl  Trtite  Elcni.  de  Phiiiqnr,  pp.  334,  9». 
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196.  Netfly  a  century  had  elapsed  irfUr  the  publication  of  the 
abortiTe  plan  just  noticed,  when  the  discoveiy  of  hydrogen  gas, 
or  inflammable  air,  by  Cavendish,  about  1766,  and  of  its  remarka- 
ble inienori^  of  density  compared  with  common  air,  revived  the 
speculations  of  philosophers  on  the  subject  of  aeronautics.  Dr. 
Black,  of  Edinburgh,  soon  after  ascertained,  by  experiment,  that 
a  thin  bladder  fill^  with  hydrogen  gas  would  rise  to  the  ceiling 
of  a  lofty  room,  and  remain  suspendea  till  it  was  taken  down ;  and 
several  Tears  subsequently  the  subject  was  further  invi  stigated 
by  Cavallo,  a  Portujniese  gentleman,  residing  in  England,  who 
was  a  fellow  of  the  Royal  Society. 

127.  It  WHS,  however,  in  France  that  the  invention  of  the  air- 
balloon  took  place.  Two  brothers,  Joseph  and  Stephen  Montgol- 
fier,  paper-makers,  at  Annonay,  constructed  a  large  square  bag  of 
fine  silk,  and  causjed  it  to  ascend  in  an  inclosed  chamber,  and  af- 
terwards in  Che  opea  air,  by  heating  the  air  within  it  by  means  of 
burning  paper.  After  several  preliminary  experiments,  a  balloon 
was  constructed  at  Paris,  consisting  of  an  elliptical  bag,  74  feet 
in  length,  and  46  in  breadth,  with  an  aperture  below,  near  which 
was  suspended  an  iron  grate  for  burning  wood  and  straw,  and  a 
boat  or  ear  attached  for  the  reception  of  aerial  travellers ;  and  in 
this  machine  the  first  ascent  was  made,  in  October,  1783,  by  Pila- 
tre  de  Rozier,  superintendent  of  the  Royal  Museum.  Other  ex- 
periments of  the  same  kind  followed,  with  balloons  rendered  buoy- 
ant by  the  admission  of  heated  air. 

188.  But  this  method  of  aerostation  was  liable  to  inconveni- 
ences and  imperfections,  which  rendered  it  less  eligible  than  that 
of  employing  balloons ,  inflated  with  hydrogren  gas,  the  chief  ob- 
jection to  which  arose  from  the  expense  attending  it.  This,  how- 
ever, was  obviated  by  means  of  a  public  subscription ;  and  De- 
cember 1,  1783,  M.  Charles,  professor  of  natural  philosophy,  at 
PmSf  and  his  companion  M.  Robert,  ascended  from  the  grardens 
of  the  Tuillories,  by  means  of  a  balloon  filled  with  hydrogen  or  in- 
flammable air.  'fhe  success  of  this  undertaking  demonstrated 
the  superiority  of  this  mode  of  construction ;  and  it  was  conse- 
quently adopted  by  many  other  experimentalists,  both  in  France 
and  emewhere.  Lunardi,  an  Italian,  was  the  first  aeronaut  who 
exhibited  in  England ;  and  amon^  those  who  distinguished  them- 
selves by  their  enterprising  spirit,  or  philosophical  researches, 
amidst  the  fields  of  air,  may  be  noticed  the  names  of  Blanchard, 
Gamerin,  Zambeccari,  Dr.  Jeffries,  W.  Windham  Sadler,  and 
Gay-Lussac,  the  last-mentioned  of  whom,  in  1804,  ascended  from 

How  long  wat  LAna's  acheme  published  before  the  discovery  of  hydro- 
gen ns  ? 

WnMt  experiment  by  Dr.  Black  is  probably  the  earliest  form  of  balloon 
ascension  ? 

In  what  manner  did  the  Montgoliiert  etkct  the  elevation  of  their  silk  bag? 

What  is  related  of  the  form  and  size  of  the  first  balloon  with  which  an 
semnantie  expedition  was  made  hy  Rosier } 

Why  was  not  hydrogen  adopted  by  the  earliest  aiSronanta  ? 

Who  were  among  that  nnmDer  ? 

T  2 
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Paris,  furnislied  with  instniments  for  making,  meteondogiisal  ^ 
senrationa ;  and  from  the  descent  of  the  mercvrj  in  hiii  Imrometer, 
he  inferred  that  he  had,  when  at  his  utmost  elevatf  on,  attained  ihe 
height  of  about  23,000  feet  abore  the  level  of  Paris;  and  this  ap^ 
pears  to  be  t^e  greatest  distance  from  the  snrfece  of  the  eart^  to 
which  any  person  has  hitherto  risen  by  means  of  an  air-balloon. 

199.  Several  accidents  have  occurred  to  a&Nmants  in  the  proae- 
cutions  of  their  adventures,  and  aome  have  lost  'their  Uvea ;  as 
Pilatre  de  Rozier,  who,  after  repeated  *  aueceasful  aaoents,  was 
liilled,  together  with  M.  Remain,  in  consequence  of  the  balloon  tak- 
ing fire  in  which  they  had  attempted  to  pass  from  Franee  to  Sng- 
land,  in  June,  1785 ;  MadameiBlanchara,  the  wife  of  the  aeronaut, 
mentioned  above ;  and  W.  W.  Sadler,  who,  after  having  made 
thirty  atmospheric  voyages,  in  one  of  which  he  crossed  ^e  Triiii 
Channel,  was  precipitated  from  his  balloon,  owing  to  the  ear 
striking  against  a  chimney,  at  the  height  of  about  Ibrly  jrvds 
from  the  earth.  Notwithstanding  ^ese  and  other  fetal  disasters, 
alSronautic  expeditions  have  been  so  frequently  undertaken,  that 
most  persons  must  have  had  opportunities  fbr  witnessing  them ; 
but  though  several  usefel  purposes  to  which  air-balloons  might  be 
apolied  nave  been  8ugrj|rested,  tlie  difficulty  of  managiiuf  tfaem  has 
hitherto  prevented  their  adoption  except  as  objects  m  display. 

130.  The  air-balloon  consists  of  a  light  baff  of  thin  silk,  of  a 
globular  or  elliptic  shape,  and  rendered  air-tiAt  by  a  coating  of 
varnish,  made  by  dissolving  gum-elastic  in  spirits  of  tnrnentme. 
When  thus  prepared,  it  must  be  distended  witn  some  elastic  ilnid, 
lighter  than  common  air ;  and  it  will  thence  acquire  an  ascending 
power  equal  to  the  difference  between  its  weight,  including  the 
attached  car  and  its  contents,  and  that  of  thetnuk  of  atmospheric 
air  which  it  displaces.  Suppose  the  diameter  of  the  silk  globe 
to  be  20  feet,  its  circumference  will  be  about  63  ieet,  its  superfi- 
cial measure  about  1257  square  feet,  and  its  contents,  scdid  mea- 
sure, 4190  cubic  ieet ;  then  if  it  be  filled  with  ^  having  only  i 
of  the  specific  gravity  of  common  air,  and  admitting  that  a  cuW 
foot  of  Aie  latter  would  weigh  1^  oz.,  and  that  1  square  foot  of 
taffeta  or  thin  silk  would  wdgh  1  oz.: — 

The  weight  of  atmospheric  air  displaced  will  be       6985  oz. 

The  weight  of  eas  in  the  balloon     -  '      -        -    1571^ 
The  weight  of  the  taSeta        ....    1357 

S828i 
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To  what  height  did  Gay-LasMC  ateend  ? 

To  what  purpose  have  ballooffis  been  hitherto  applied  } 

Of  what  does  the  air-balloon  consist  ? 

What  woaM  be  the  ascensional  foree  of  an  unloaded  balloon  of  allk  20 
feet  in  diameter  filled  with  hydrogfen  of  a  speeifie  gravitj  ^  that  of  eon- 
roon  air?  Calculate  on  similar  pHndpiei  the  foree  of  a  ballooB  80  feet 
a  diameter  ? 


131.  Renoe  the  inflated  balloon  would  weigh  3466  ok.,  or  1810 
pounds  leas  than  an  eqoal  balk  of  common  air ;  and  therefore  such 
a  ballQon,  with  a  ear  and  its  contents  attached,  weighing  200 
poiinda,  wonld  have  an  ascending  force  equal  to  16  pounds.  But 
if  it  were  filled  with  pure  hydrogen  gas,  having  a  specific  gravity 
but  1-13  that  of  eommon  air,  its  power  of  ascension  woula  mam- 
festly  be  augmented  in  a  hiffh  degree. 

12&.  Aeronauts  in  general  were  accustomed  to  use  inflammable 
air,  procured  by  dissolYing  pieces  of  iron  or  zinc  in  sulphuric  acid 
diluted  with  water;    a  tedious,  troublesome,  and  inconvenient 

ration,  which  was  never  found  to  produce  gas  approaching  to 
specific  ffravity  just  mentioned.  Hence  Mr.  Green,  who  has 
(fistingaishea  himsdf  by  the  number  of  his  aerial  expeditions, 
amounting  to  about  one  hundred,  determined  to  make  a  trial  of  coal 
gas.  Froni  some  preliminary  experiments  he  ascertained  that  the 
ascending  force  oi  a  balloon  three  feet  in  diameter,  when  inflated 
with  ffss  from  coal,  was  equal  to  11  oz.;  and  that  when  filled 
vith  hydrogen  gas  procured  in  the  usual  way,  its  force  was  not 
more,  tlian  15  ox.  lie  therefore,  in  his  ascents  in  the  neighbour- 
liood  of  London,  availed  himself  of  the  convenience  of  procuring 
gas  from  the  coal'^gas  companies,  which  he  found  to  be  sufficiently 
adapted  for  his  purpose. 

133.  The  accidents  which  occurred  to  some  of  the  earlier  aero- 
nants  suggested  the  idea  of  contriving  a  method  of  descending 
independent  of  the  balloon,  if  circumstances  should  render  it  desir- 
able. The  first  experiments  for  this  purpose  were  made  by  Le 
Njomiand,  in  1783 ;  and.  Blanchard  subsequently  constructed  a 
nnchine  resembling  a  large  expanded  umbrella,  called  a  para- 
chute, which  he  let  rail  from  a  height  of  6000  feet  above  the  earth, 
with  a  dog  in  a  basket  suspended  from  it.  A  whirlwind  arrested 
its  descent  and  swept  it  above  the  clouds;  but  it  soon  approached 
the  balloon  again,  when  the  dog  recognized  his  master,  showing 
bis  uneasiness  and  alarm  by  barking;  another  current  of  air  then 
carried  him  ont  of  sight,  and  he  ultimately  landed  in  safety,  thourii 
iH>t  till  after  the  descent  of  the  balloon.  Gramerin,  who  used  a 
parachute  25  feet  in  diameter,  with  a  basket  attached  to  it,  descend- 
ed Cirom  the  air  bv  this  means,  several  times,  both  in  France  and 
in  England;  and  on  one  occasion  from  the  perpendicular  eleva- 
tion of  8000  feet. 

134.  On  the  principle  of  the  parachute  depends  the  buoyancy 
of  numerous  liffht  bouies  presenting  an  extended  surface  to  the 
air;  and  thus  a  little  canopjT  made  by  attachiujgr  four  strings  to  the 
angles  of  a  sheet  of  paper  with  a  light  weight  in  the  place  of  a  car, 
if  dropped  from  an  eminence  will  descend  but  slowly  to  the  ground. 

What  has  reeentlj  been  rabstituted  for  hydrogen  in  the  inflation  of 
Willoont  P 

What  relatiTe  aaeenflional  foreei  will  be  pren  to  balloons  by  coal-gas 
tnd  hydrc^n  respeetively  f 

What  is  the  fcras  and  what  the  objeet  of  the  paraehnte  f 

What  acaoaats  are  given  of  the  use  of  this  apparatos  ? 


924  AXnOtTATtCti    \ 

Some  experimento  founded  on  the  tAmerwAaUk  ci  miehfrott,  aida 
in  Oennany,  may  here  be  notioed.  Zeehaik  of  Bodaben,  ooneeifb 
ing  the  poesibility  of  fonnmg  «  flying  boet^  eonetmcted,  by  wiy 
of  trid,  a  oaae  of  lioht  wood  cpTeiid  widi  liiieo»  in  the  ehape 
of  a  flat  obtuee-an^ed  Iteel,  6^  feet  in  diameter,  and  i  a  fliotdeflp^ 
weighing  14i  ponnda.  On  Oie  17th  of  Sefptember,  1898,  tiiie  nn^ 
chine  was  laanched  from  a  acaflfold  on  the  raeeHMHuee  of  Wes- 
delatein,  the  ecaffold  being  97  feel  hi^,  and  atandinff  on  a  loek 
100  feet  above  the  8nrnmndin|F  plam;  ao  tiiaft  &  {^"f^ 
dicular  hedght  was  197  feel;  aira  me  boat  flew  to  the  msiinee 
of  153  feet.  A  second  flyinjr  boat  7i  feel  in  diaBieter,  i  a  feel 
deep,  and  95  pounds  in  wei^^  wfaieh  was  kimched  fiooi  the 
a(»&bld  on  the  same  day,  took  a  aomewhal  moie  eloTated  patib,  and 
landed  after  a  fli^t  of  168  feet.  These  eKpeniaentB  mpew  to 
have  been  expensive,  and  the  result  was  not  snffieiently  ftMering 
to  induce  the  projector  to  repeat  them«* 

135.  Attempts  have  been  mnde  atdifiereni  neiiods  to  eomtmel 
wings  fer  active  flifl^t  throujg;h  the  air ;  but  thej  have  all  prorad 
abortive.  The  oelcorated  historian,  William  of  Mahneabory,  ia 
his  account  of  the  conquest  of  England  by  &e-  Nonnana^  men* 
tions  an  alleged  predietioii  of  that  event,  by  Elmer,  or  Oliver,'  a 
Benedictine  monk  of  Malmesbury,  in  conseqnanee  of  the  appear 
ance  of  a  eomet,  in  1060.  This  monk  appears  to  have  beea  a 
learned  and  ingenioua  man,  who  was  akuled  in  mathearatiea. 
But  his  claim  to  notioe  at  present  is  .gnmnded  on  hia  being  tta 
earliest  English  aeronaut  on  record ;  thoogh  his  speeulalbn  vraa 
not  only  unsuccessful  but  unfortunate.  For  the  historian  infeniiB 
us  that  Elmer,  having  affixed  wings  to  his  hands  and  his  feet,  as- 
cended a  lofty  tower,  whence  he  took  his  flight,  and  was  borne 
upon  the  air  for  the  space  of  a  furiong ;  but  owinff  to  the  violence 
of  the  wind  or  his  own  mismanagement  through  nrij^t,  he  fell  to 
the  gpround,  and  broke  both  his  leg^f 

136.  The  femous  Roger  Bacon,  who  died  tovraids  the  end  of 
the  thirteenth  century,  in  his  treatise  on  the  Secret  Woiics  of  Na- 
ture and  Art,  expressly  asserts  the  possibility  of  constructing 
machines  in  which  a  man  sitting  might  move  through  the  air,  by 
means  of  wings,  like  a  bird  flying.^:    In  the  fifteenth  century, 

Whnt  raccess  has  attended  the  ▼arioas  attempts  which  have  been  mads 
to  employ  aerial  boats  ? 

How  early  do  attempts  of  this  kind  appear  to  have  engaged  the  serious 
attention  of  speculative  men  ? 

What  success  attended  the  flights  of  Elmer,  Dante,  and  Degeo  ? 


*  Elements  of  Natural  Pliilosophj.  By  Prof.  Yieth,  of  Anhalt-Des- 
sau,  (German.)  Leipsic,  18S3w  fsSOS. 

f  Gul.  Malmesbur.  de  Gestis  Regum  Anglorum,  lib.  ii.  cap.  Id. 

^  "  Possunt  etiam  fieri  instnunenta  volandi  at  homo,  sedens  in  medio 
instrumenti,  revolvens  aliquod  ingenium,  per  quod  aks  artifieialiter  con- 
positsB  aerem  verbereot,  ad  nodum  avis  volantis.'*-*-EpistoU  Fratris  R. 
Baconis  de  Secretis  Op^boi  Naturs  ct  Artia.    Hamburg.  1572,  p.  37. 


THE   4KY-ROCKET.  ^6 

Johif  Q^^ti^  Dante,  a  matheaiaticiBn  of  Perugia  in  Italy,  eyeited 
^^tomshmtnt  of  iiis  cootemporaiies  by  his  aeronautic  exploits, 
Bpt  bU  career  waa  unfortunate ;  for  we  are  told  that  after  he  had 
jm^l^j  ero^aed  the  lake  of  Thrasymene  thrpugh  the  air,  he 
ufif.  hie  l|i£^t  fisom  an  efninence  in  his  native  city,  when  his  ma^ 
eU^ffiy  bep(yajnf 'jeranoed,  he  fell  on  the  roof  of  a  chureh,  and 
fiacti^fld  )^8  Uugh.  Tftp^fKiriifd  des  S^avana,  December  13, 1678, 
cofitj^nif  ^  4^8<nrlpt9PB  of  ^  iSying-engine  contrived  by  a  locJ^smith 
^  Sa^M^t  ii|i  th«  Qo^aivtj  of  Vuin^  \t\  Fiaqce,  by  means  pf  w^ich 
iff^  i^T^tor  di)9(^p4f!4  tsofKi  ^  second  flo^r  window,  and  proposed 
tp  iLy  jfro^  ^  i^eig^t  ojeif  ^  riv^.  l^rofessor  Yieth  says,  tbiat  the 
ntest  ^zpepmefita  9^  ifw  ^x^  of  4ying  were  qiade  by  a  iri^tch- 
^9f|ker  at  Vienna,  l^M^i^  Degen;  \mX  t£sy  s^em  t^  have  led  to  no 
p^ticsdreaui^  of  u^port^iilGe.* 

137.  ^e  afoentof  st^wrocketf  affprds  an  in^iesting  object  of 
p]}iloBopli^<HH  inpecY^atioQ,  and  the  pj^enopienpn  h9^  been  variously 
^f(DOj(Mftei  fijf  (7  men  of  fkoience.  l^e  rocket  oonsistg  of  ^  cy- 
Ifndric^  e^iji^  of  cfMftoi^h  of  thick  paper  ^^^d  wit^  a  compctsitimi 
V  ganjtovrder,  charcoal,  steel  filings,  ^d  other  iafamma^le  m|tt- 
t^;  wfth  ^  h^  technically  staled  '« the  pot,"  at  the  upper  ex- 

SipUy ;  fn4  ?f  ^W^^  A^i^  to  fHi^  the  rocket  j»  affixed  laterally. 
4wit*  \i^  thatpf  otiier  pnjectil^e,  depi^nds  04  the  sudden  ^xnan-t 
9fX^  of  cpmp(f^98f4  air,  fxijpfii  by  combnstion.  The  cause  ot  tMe 
9||fiBnJ(  o(  ine  r(]|c)(e(  i^  tha^t  ^l^reas  it  would,  if  it  w^xf  np^  for  th^ 
9pc(rt^'bf|l^w^  bfi  fiqv^si^  FWwd  09  all  sidea  v^tftin  by  ^  fjf,t 
mmtt  ifi^t  W4  is iSW  ii^mW  «*  »«*»  t«t  «m  preswuej  Ifte  that 
«f  ftftW  »  S  9c>8^»  W  rf^  ffij  *  m*  por|io|»  of  its  w^r  syiw 
noe  greatly  exceed  the  weight  of  the  ew^pxujfig  vesai^*  l^  auo^ 
eases,  the  opening  of  an  aperture  sufficiently  large,  will  project  the 
container  in  the  direction  apposite  to  that  in  which  the  opening 
takes  place.  It  will  be  perceived  that  from  this  accoujut  of  the  effect 
the  oiKBration  would  be  the  same  in  vacuo  as  in  the  opep  air.  In 
fikct  tne  effect  is  no  more  due  to  the  impin&nng  of  the  escaping  gas 

r*  ist  the  ai[  below,  as  Dr.  Hntton  and  o&ers  liave  suppoi^, 
the  efll^of  eflfiiehi  water  In  Beer's  mitt  is  tq  be  attributed 
to  the  same  cause.  Several  s^tam-boiTerf,  which  haye  exploded 
in  the  United  States  (ivfc  gone  off  thjrough  the  air  like  rockets, 
having  first  fo^ned  a  rent  in  such  ^  part  as  to  allow  tluB  issuing 
steao;^  |l^  nrge  the  enormous  194S8  forward  by  its  elastic  action. 
One  oeei^rrence  of  this  kind  at  Pittsburg  was,  at  the  time,  de 
Scribed  as  having  been  accompanied  by  a  train  of  light ;  as  if  the 
i||«^ng;  #^pBan|  %i^  U^n  an  inflnmyable  mixtqre.    A  revqWing 

Of  what  doei  tfie  ikj-roeket  eqnslst  f 
On  what  doei  R«  flight  depend  } 

What  eaoies  the  rocket  to  ateend  when  the  eontents  are  inflamed  ? 
What  aaalofoiia  eieeli  on  a  larger  Male  haTe  lemetioMt  been  wit- 
nested? 
B^  what  methodiathe  rapid  deTelnprment  of  gatea  obtained  m  the 

rocket? 


fiiem:6fKii;M0fr,l^:*»- 


me  NMBO  miia  wen  pmaucea 
MBBnHy  lor  plefoiu  In  the  ceno 
andtlnudiSMii^Mlllaawlien  infl 
of  maek  gttmMt  exicat  than  the 


•pptnUUfHke  ft  Bukn'imU],  only  tdMtdd  to  SU  fltfai  of  ilr 
ioMMdof  watar,  iBBrbeMtlnmoiicMbyMalaMdlif;  Imt.wlp' 
raroln  with  tMInt  mow  vet,,city  if  placfid  in  Ihe  feeeiver 
(rf'  U  HT-pmnp,  wd)  aftca  -eihaustion,  attl  in  uiotion  by  allowing 
die  flZleind  til  to  8ltd  ati  EUlranci:  tliruugh  the  revolving  arms. 
BUfc*  that  Ihe  rocket  would  not  rise  unlcsi 
e  pNduced  In  abandsnce ;  und  hence  the 
■ '"  **  of  the  rocket  b  conicsl  hole, 

med  burns  in  concentric  strata, 
e  circular  disk  to  which  the  cora- 
bnatioB  tnnet  oAerwiee  be  confiiied,  and  the  expansive  gas  is 
ftmned  in  ^uantlliea  inffident  to  prodnce  the  tRquired  etTect. 

138.  AmD»  the  aiiniMments  o(  achoalboja  there  are  few  more 
■alcepdble  of  appIieWion  to  useful  or  curious  purposes  than  that 
of  llfuv  papeipRlea.  By  means  of  snch  a  machine,  which  he 
eonalmeteabjatnlehiagft  silkhandfcerchiefovera  wooden  frame, 
Dr.  Fianklin  demoovmeil  the  idenlitjr  of  lightDing  with  the 
etaelrie  llnid;*  tte  p^er-kite  haa  been  employed  to  coniey  a  lino 
to  the  ehon  from  a  new!  wrecked  on  a  rocky  coaat  ;f  and  a  kw 

1  ago,  n  Mr.  Poeoek,  of  London,  made  repeated  eipertmenis, 

~~m  ot  whidi  he  ubertained  the  possibility  of  travelling'  in 
■  eanu^  StaWn  hj  two  paper-kites,  snpporled  at  a  moderate  ele- 
mton,  and  iiBpelle4  b^  the  wind.  The  elevation  of  the  paper- 
khe  in  A*  nnal  laauwr,  with  a  tine  attached  to  a  loop  mi  the 
unto-rfde  rf  fluiBBehiBa,  is  aatistaclorilj  elucidated  by  Dr.  Pa- 
ifa,  who  ha*  ahown  thai  the  ascent  of  the  kite  affords  an  example 
of  the  eeapoailioa  rffanea,  die  node  of  astfos  of  wfciA  li  aAt 
Uted  in  the  foUewfnf  dl 


e^ 


Te  «hu  BtKdd  ponMun  hu  dw  k)M  Gw* '-    "f  sawMlad  I 

On  vhntjirineiple  u  ill  Hoent  la  be  expUind  >  > 

•  See  Treitlae  on  Eieetritilg. 

t  Sfc  Tnnnnetiont  ot  (h*  Csndan  Soelmr  for  Iha  nil tliiant  o 

Art*,  Jlfumiiiatoro,  and  C()mmcT«e,  TCl.iUi. 
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oae  imalldl  with  it,  and  another  perpendicular  to  that  tnr&ee,  and 
tfaa  latter  only,  v^reaented  by  the  line  Y,  will  produce  an  effect, 
impelling  the  kite  in  the  diiection  O  A;  and  the  tension  of  the 
atnn^,  at  the  aame  time,  in  the  direction  P  T  S,  will  cause  the 
machine  to  aaoend  in  the  diagonal  O  B  of  the  parallelogram  O  A 
B  T.*  The  aaeent  of  the  paper-kite  not  only  depends,  as  may 
be  tfana  peraeiYed,  on  the  aame  principles  as  those  which  govern  the 
moTement  of  bodies  on  inclined  planes ;  but  it  may  also  be  fairly 
affirmed  that  the  path  of  the  kite  in  rising  is  an  actual  inclined 
plane,  up  which  it  is  drawn,  by  the  tension  and  weight  of  the 
string. 

140.  A  well  oonstmcted  kite  may  be  made  to  ascend  when 
there  is  little  or  no  wind  stirring ;  for,  by  mnninff  with  it  held  by 
the  string  and  inclined  obliquely,  the  air  on  its  interior  sur&ce  will 
be  eomprosaed,  jnat  as  it  would  be  by  running  with  an  expanded 
unhielfa  hdd  out;  and  by  veering  out  the  strinff  and  running  at 
the  aame  time,  the  kite  is  drawn  up  an  inclined  plane  which  it 
forms  fi>r  itself  by  the  fpradual  compression  of  the  successive  por- 
tions of  air  over  which  it  moves. 

Hke  Diving-ieU. 

141.  As  air  produces  peculiar  effects  when  its  density  is  inferior 
to  that  of  the  lower  atmosphere,  so  likewise  are  certain  effects 
produced  by  ur,  the  density  of  which  has  been  augmented  by 
compression  or  otherwise.  Condensed  air,  if  not  contaminated 
with  deleterious  gases,  may  be  breathed  with  impunity  by  ani- 
mals for  a  considerable  time ;  though  its  effects  are  various  on  dif- 
ferent individuals,  and  some  experience  considerable  temporary 
inconvenience  from  inspiring  it.  Mr.  Bille,  of  New  York,  has 
founded  on  this  property  of  compressed  air  an  improved  method 
of  bottling  sparkling  liquids,  such  as  ale,  cider,  and  perry.  His 
plan  consists  in  conducting  the  whole  operation  of  drawing  off, 
bottling,  corking,  and  securing  the  liquors  in  question,  withm  an 
air-tight  chamber,  into  which  such  a  quantity  of  air  may  be  com- 
pressed by  a  condensing  pump  or  engine,  that  it  may  always 
afford  a  degree  of  pressure  on  tne  surfaces  of  the  liquors  sufficient 
to  prevent  the  escape  of  the  gas  to  which  they  owe  their  sparkling 
quality. 

142.  But  the  most  interesting  and  important  purpose  to  which 
the  respirability  of  compressed  air  has  been  applied,  is  that  of  en- 
abling persons  to  descend  to  a  certain  depth  beneath  the  surface 
of  the  sea,  by  means  of  the  machine  called  a  diving-bell.    The 

What  path  does  it  actuallr  deaeribe  in  rising  ? 
How  msy  the* kite  be  made  to  rise  in  a  ealm 7 
Hov  is  the  aseent  in  this  ease  prodoeed  ? 

What  cflbct  on  the  respiration  of  animals  is  produeed  by  air  aboTe  the 
eomrooo  density  ? 
What  appliMitioa  of  sueh  air  has  been  made  to  purposes  in  the  arts  ? 

•  PbUotopbxia  iSSportiaadeSeicnee  InEamett.  Kvw  «d\V.  \%a&^'^S 


n%  MBttOfltAtiC8« 

^ompTOssibility  and  impenetrability  of  ateeepherte  air  tUmj  h^ 
both  at  once  demonstrated  by  the  iinipfo  expltf&iiAlt  ef  hdidintf 
by  the  foot  an  inverted  be6r-glafl8«  and  pHtk^kg  itp^f^MieMAf 
in  a  jar  or  basin  of  wat^,  I^Hen  the  pmoil  efi^  iHmk  lite  b^er- 
fflaas  will  be  eompresaed  atad  diAihlieh«d  id  btflki  in  piOf^ 
Uon  tothe  depth  to  whieh  the  glaM  wm^iMiid.  BcteMth  th^ tar- 
feoe  of  the  water:  but  a  limilf  #<Mdd  netMif  betoM  #1ll6li  teibMal 
force  would  not  drive  it.  If  «  am«d(  bi«ef  UMflea  itrtn-taper^ 
attached  to  a  coric.  Were  placie^  M  M  #a^  inl' Minded  nnM 
the  inverted  f  lasSy  it  woald  htttt  kf  (£%>  Mm^rMMM  t/H  loiigetf 
than  in  an  equal  bulk  of  air  at  its  usual  densitv;  but  the  air  Womd 
be  consumed  by  the  ewnbnSClon  ctf*  tlie  MM  m  it  biMttaif  reda^ed 
to  about  on»4liitd,  and  the  lesidbS  WotHa  b^  fbtOd^  UMttf  ht  rMpI^ 
ration  and  die  support  oCsndniua  li^ 

143.  A  diyimgAilml  k  nfetfsly  a  Img^  oiSnierf  6k  ffimAM  ▼«> 
sel,  made  of  east  irate,  or  of  weed,  die  latter  liMlA  yMA  ^MfgMi 
to  nndce  it  sink.  It  is  usttally  AMilshed  With  iheff^  Slid  seatis 
on  the  sides  for  the  eonvenieiibe'  of  diose  who  desoetid  iif  it ;  and 
several  strong  ^lass  lenses  are  fitted  intid  die'  n/pfet  ptsti  for  the 
admission  of  light.  There  is  likewise  a  stop-cock,  ny  opening 
which  the  air,  rendered  impure  by  respiration,  maj  from  time  to 
time  be  discharged  and  rise  in  bubbles  to  the  surface  of  the  wa- 
ter ;  and  provisron  must  h6  made  for  the  regnlsr  supply  of  f^h 
air,  which  may  be  sent  down  througli  pipes;  fhnn  one  or  more 
large  condensing  syringes,  worked  on  the  aeck  of^  a  vessel  Shove. 
The  bell  must  be  properly  suspended  from  i,  crane,  or  cress-besm, 
furnished  with  tacldes  of'^  pulleys,  that  it  m^  be  lowered,  ifedsed, 
or  otherwise  moved,  according  to  circunistdnc€«. 

144.  Sonke  have  supposed  that  the  ancients  were  ac<|uainted 
with  the  use  of  the  dlving-1>ell,  and  apparent  aHusions  to  it  occur 
in  the  works  of  Aristode.  But  the  earliest  direct  notiee  of  such 
a  machine  is  probably  to  be  found  in  a  tract  <•  Dcr  Moid  Celerri- 
mo,^  by  John  Taisnier,  who  held  an  office  in  the  household  of  the 
emperor  Charles  Y.  He  states  that  some  e^rperiments  weim  niadj 
in  the  presence  of  that  prince,  at  Toledo,  fn  1538,  by  two  Greeks, 
who  descended  under  water  several  times  in  a  braten  caldton, 
without  weuing  their  clothes,  or  extin^shing  lights  which  they 
carried  in  their  hands.*  Since  the  middle  of  the  s^ventemidi  tea 
tury,  diving-bells  have  been  often  used  for  the  purpose  of  reedver 
ing  valuable  property  which  had  been  shipwrecked. 

145.  In  recent  times,  the  expense  attending  die  constnuctidh  of 
a  diving^U,  and  the  difficulty  of  managing  Sb  unwieldy  a  lUa- 

How  are  the  compressibility  and  the  impenetrabili^  of  air  demon- 
strated ? 

How  is  the  power  of  eompreaaed  air  to  topport  oolnbaitioii  proved  ? 
What  is  the  description  of  the  divingwbeU  ? 

How  are  the  operators  iii  a  diving-bell  supplied  widi  air  dSSiaip  tbeir 
continuance  beneath  the  surface  ? 
What  historical  account  ia  given  of  the  inveiAioa  of  the  diriag^iell  ? 

*  V.  Sohotti  TechaUa  CuvVovb,  IkK  V\.  ««^%.,  ' 
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-ebine,  have  led  to, the  inyention  of  less  operose  and  more  conve- 
nient methods  of  making  sabmarine  investigations ;  but  there  is 
one  instance  of  the  successful  employment  of  diving-bells  for  the 
Tecovery  of  treasure  from  the  Rea,  which  occurred  in  1831,  and 
that  attracted  attention  on  account  of  the  skill  and  enterprise 
-displayed  in  the  conduct  of  the  undertaking.  In  December, 
1830,  a  British  frigate  halving  sailed  from  Rio  Janeiro  for  Eng- 
land, with  810,000  dollars  on  board,  struck  on  rocks,  and  was 
rank  at  Cape  Frio.  Captain  Thomas  Dickenson,  an  officer  on 
that  station,  obtained  permission  to  attempt  tho  recovery  of  the 
treasure;  and  not  being  able  to  procure  a  diving-bell  at  Rio,  he 
adapted  to  the  purpose  the  ship's  iron  water-tanks,  and  constructed 
a  huffe  crane  158  feet  in  length,  and  50  feet  above  the  level  of  the 
sea,  nrom  which  to  suspend  the  bells.  Though  the  bells  were  re- 
peatedly lost,  the  undertaking  was  prosecuted  by  Captain  Dick 
euson  and  other  officers,  till  ultimately  750,000  dollars  were  re- 
covered, besides  a  quantity  of  marine  stores  and  other  articles. 

146.  Diving  habits,  or  jackets,  adapted  for  descending  under 
water,  have  been  variously  contrived  ;  and  among  such  machines 
are  the  Scq)handre,  invented  by  the  Abbe  de  la  Chapelle  ;*  and 
Klingert's  machine  for  walking  under  water  ;f  but  these,  though 
ingenious,  are  probably  inferior  to  the  apparatus  recently  employ- 
ed at  Portsmouth,  England,  by  Mr.  Deane.  The  essential  part 
of  his  machinery  consists  of  a  capacious  metal  helmet,  covering 
the  head  and  neck,  resting  on  the  shoulders,  and  attached  to  the 
body  by  straps.  In  the  front  are  three  oval  windows  of  strong 
plate-glass ;  from  the  lower  part  of  the  helmet  passes  a  bent  tube 
for  the  discharge  of  air  which  has  been  breathed ;  and  from  the 
upper  part  proceeds  another  tube  connected  with  a  flexible  pipe, 
through  which  fresh  air  is  forced  from  above.  Armed  with  this 
head-piece,  and  a  waterproof  dress,  the  adventurer  descends  from 
Hie  side  of  a  ship  by  a  ladder  to  the  bottom  of  the  sea,  which  he 
can  explore  at  his  leisure,  and  walk  to  any  distance  within  the 
length  of  His  air-pipe.  To  counterbalance  the  upward  pressure  of 
the  water  at  any  considerable  depth,  it  is  requisite  that  leaden 
weights  should  be  attached  to  the  body,  in  addition  to  the  weight 
of  the  helmet,  and  thick  leaden  soles  tor  the  shoes.^ 

147.  Some  curious  inventions,  for  the  purpose  of  submarine  na- 

Wlint  objection  exists  to  the  general  use  of  diving-bells  for  submarine 
explorations  P 

What  instance  can  you  cite  of  the  successful  employment  of  these  ma- 
chines for  the  recovery  of  lost  treasure  ? 

How  is  Deane's  diving  apparatus  constructed  ? 

"What  limits  the  extent  to  which  the  diver  can  extend  his  examinations 


when  usine  this  apparatus  ? 
is  tne  body  |»revente 
ith  (iivin|p,,^rei 


How  is  tne  body  |»revented  from  rising  from  deep  water  in  the  excur- 
sions taken  with  divimijlresaes  f 


*  V.  Sigiiud  de  la  Fond  Elem.  de  Phys.,  vol.  ii.  p.  249. 
t  See  TilJocb's  Phijosophioai.  Ma|;az\ne|  vol.  u\.  \^.  V2SL 
/  NaatJcal  Magtuiae.  ^ 

u 
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vijration,  have  been  invented  in  tlie  United  States.  Rolwirt  Fiil- 
ton,  the  successful  inventor  of  the  steamboat,  contrived  a  machine 
of  this  kind,  called  a  Torpedo  ;*  and  David  Bushnell  invented  a 
submarine  vessel  in  which  a  man  might  pass  a  considerable  dis- 
tance under  water ;  and  by  means  of  this,  and  its  accompanying 
magazine  of  artillery,  an  attempt  was  made  to  blow  up  a  Bri- 
tish vessel  in  the  harbour  of  New  York,  during  the  late  war  with 
England. f  This  project  appears  to  have  failed  merely  from  the 
difficulty  or  rather  impossibility  of  attaching  the  magazine  to  the 
bottom  of  the  ship,  which  was  attempted  by  means  of  a  sharp  iron 
screw,  which  passed  out  from  the  top  of  the  diving-machine,  and 
communicated  with  the  inside  by  a  water-joint,  being  provided 
with  a  crank  at  its  lower  end,  by  which  the  engineer  was  to  drive 
it  into  the  ship's  bottom.  The  machine  aflfording  no  fixed  point 
to  act  from,  the  power  applied  to  the  screw  could  make  no  impres- 
sion on  the  ship ;  and  thus  this  bold  adventure  was  disconcerted.^ 

Describe  the  method  of  Bushnell  for  blowing  up  an  enemy's  ships. 
Why  (lid  this  plan  prove  unsuccessful  ? 

*  V.  Montucla  Hist  des  Mathemat.,  t.  iii.  p.  78. 

t  Foi*  a  df  scripiion  of  this  curious  enriiie,  see  a  paper  on  **  Submarine 
NMvigation,"  by  Charles  Griswold,  in  billiinan'a  Atneriean  Journal  of 
Science,  vol.  ii.  p.  94. 

^  For  a  i*eport  on  Noroross's  diving  apparatus,  see  Journal  (^  the 
Franklin  IiisUtute  for  January,  1835,  vol.  xv.  p.  25. 


The  following  scientific  treatises  may  be  advantageously  con- 
sulted in  reference  to  the  department  of  Pneumatics :-» 

Playfair's  Outlines  of  Natural  Philosophy,  vol.i.  pp.243 — 269* 

Library  of  Useful  Knowledge,  treatise  on  Pneumatics. 

Gregory's  Mathematics  for  Practical  Men,  pp.  346 — 353. 

Ferguson's  Lectures  on  Select  Subjects,  pp.  195 — ^327. 

Cambridge  Mechanics,  p.  377,  where  the  motion  of  gases  is 
treated  to  some  extent,  and  p.  403,  theory  of  the  air  pump  and 
other  machines  depending  on  the  atmosphere. 

De  Luc  Recherches  sur  les  Modifications  de  1' Atmosphere. 

Philosophical  Transactions,  vol.  Ixvii.  pp.  513.  653. 

Cavallo's  Philosophy,  vol.  ii. 

Play  fair  on  the  Causes  which  affect  Barometric  Measurements, 
in  the  Edinburgh  Philosophical  Transactions,  vol.  i.  p.  87. 


ACOUSTICS. 

1.  Ths  science  which  has  been  designated  bj  the  terms  Aeon- 
sties*  and  Phonics,f  treats  of  the  causes  and  effects  of  Sound,  and 

'the  manner  in  wliich  it  is  perceiyed  by  the  organ  of  hearing.  The 
idea  of  sound  is  excited  in  the  mind  when  the  motions  which  take 
place  in  any  of  the  bodies  around  us  are  such  as  can  be  communi- 
cated to  the  auditory  nenre  and  thence  to  the  brain.  This  effect 
is  produced  by  means  of  the  organization  of  the  ear,  the  tremulous 
motions  or  vibrations  of  the  air  oeing  propagated  to  the  tympanum 
or  dium,  a  thin  membrane  which  closes  the  aperture  of  the  ear; 
behind  the  drum  is  a  cavity  in -the  bone  which  forms  the  side  of 
the  head,  separated  by  ano&ier  membrane  from  an  inner  cavity, 
from  which  branch  on  variously-formed  tubes  or  canals,  which, 
as  well  as  the  inner  cavity  called  the  labyrinth,  are  filled  with  a 
limpid  fluid ;  and  an  expansion  to  the  auditory  nerve,  or  delicate 
layer  of  nervous  fibres  beinff  distributed  over  the  internal  surface 
of  the  labyrinth  and  canals,  it  thus  becomes  the  medium  of  sensa- 
tion with  regard  to  sound. 

2.  There  is  a  passage  called  the  Eustachian  tube,  which  ex- 
tends from  the  back  part  of  the  mouth  to  the  cavity  immediately 
behind  the  membranous  drum,  through  which  air  passes,  and 
therefore  the  drum  vibrates  freely  when  acted  on  by  tne  sonorous 
undulations  of  the  external  air,  which  are  communicated  from  the 
membrane  of  the  drum  by  a  chain  of  very  minute  b6nes  and  mus- 
cles passing  from  it  to  the  membrane  over  the  entrance  to  the  la- 
bjnrinth,  and  corresponding  undulations  being  produced  in  the  con- 
tained fluid,  impressions  are  propa^ted  to  the  nervous  lining  of 
the  labyrinth,  and  thence  to  the  brain. 

3.  Hence  it  must  be  apparent,  that  the  sense  of  hearing,  de- 
pending as  jt  does  on  the  perfect  operation  of  so  complicated  an 
organ  as  the  ear,  may  be  impaired  by  various  causes,  or  entirely 
destroyed  when  the  essential  parts  of  the  organ  are  originally 
wanting,  or  so  greatly  injured  by  disease  as  to  be  incapable  of 
performing  their  functions.  Thus  some  persons  are  bom  deaf, 
the  organization  of  their  ears  being  so  defective  that  they  are  ut- 

^What  is  the  object  of  the  aeienee  of  acousties  ? 

Under  what  eireurostanees  is  the  idea  of  sound  exeited  in  the  mind  ? 

How  is  the  effect  produced  ? 

What  is  the  tympanam  of  the  ear  ? 

What  is  the  inner  cavity  of  the  ear  designated  } 

How  is  its  internal  surnice  lined  ? 

What  api»ears  to  be  the  immediate  instrument  of  sensation  in  regard  to 
sound  ? 

What  is  the  position  of  the  Eustachian  tube  ? 

What  is  the  natural  consequence,  in  regard  to  language,  of  an  original 
want  or  an  early  destruction  of  the  organs  of  hearing  ? 

^iW*P"^*^«^»"  >     P>      ^^^l  ■  ■  wi"^  I  ■■■-III  wm  ■  iiia^ii  ■»■■■■■  1^— — ^.^iM^M^^^M^Ml^ 

•  From  the  Greek  Axouvb,  to  hear.  ' 

f  From  ^^rn,  a  rojoe,  or  sound. 
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terly  incapable  of  perceivingr  scrandt,  and  therefore  ean  new  ae-  m 
quire  the  faculty  of  apeech  py  i*tiitrtih|p  Yooal  languaffe*  Siieli  L 
unfortunate  individuals,  incapable  of  obtaiainff  knowledjipD  by  tha 
jwual  diannela,  may,  howftYer,  be  qwidiM  fir  bij^  degrees' of 
mental  ouhiYation  by  the  modep  of  iMtniotioa  ooatnTed,  or  father 
matly  improved,  bjr  L^Epte,  Sieard,  Braidwood,  and  eHMia,  a^ 
have  moat  meritofioariy  devoted  their  taleais  to  the  inatruetioB  «f  C 
the  deaf  and  domb.  -  ^  jiic 

4.  Thoiigli  the  funetieiw  of  the  oigaa  oChearing  are  eleady  m-  " 
oertained,  aa  to  the  general  priaieiiMe  of  action,  yet  the  Beealiai 
pur{K)8es  of  the  sevenl  paita  «6  by  no  meaaa  cqoally  oovi(NM4 
nor  is  it  certain  that  ainr  of  theim  eiscept  the  auduoiy  nerve,  iie 
absolutely  easmitial  to  the  peroeptioi^  €i  sound.  Some  neisons  aa* 
turally  have  an  aperture  in  the  meaibnino—  dram  of  ttie  eai^  aai 
in  others  a  siroilar  dt^pct  is  prodnesd  by  disease;  but  U  eidMi  ^ 
case,  thoapfa  the  ftenity  of  heariif  is  oommonly  soanswhst  fan;  y 
paired,  it  is  not  destroyed,  not  even  when,  ovnii^  to  abscess  is 
the  ear,  the  eluia  of  bmiea*  between  the  menbiane  of  the  dnui 
and  that  covering  the  entranoe  to  Ifaa  labyrinth  has  been  dis^ 
nited.  In  that  case,  probably,  the  vibiri^tions  <^  the  ab  immaoiM 
on  the  inner  membrane  canse  the  nqvisite  nndnlatJoasin  nsiaii 
within  the  labyrinth. 

6.  There  are  pMraons  who  oeeaalonally  amoae  themselves  aid 
their  companions  by  dravrin|[  a  onanti^  of  tobaooo-smolEe  faito  thi 
mouth,  and  then  expelling  it  through  one  or  botk  ean;  afint 
which  can  be  performed  only  by  thoee  who  have  a  natoral  or  arti* 
ficial  perforation  of  the  membranous  drum  oT  the  ear;  and  thai 
they  can  force  the  smoke  throu^  the  Eustachian  tube,  into  the 
cavity  of  the  drum,  and  diacharge  it  through  the  perforatioB  joil 
mentioned.  •  j^ 

6.  In  practising  the  art  of  diving,  it  appears  that  Aose  engaged  ^ 
in  it  on  nrst  going  Qito  deep  water  become  subject  to  most  intemi  j|^ 

Sains  in  the  ears,  which  continue  till  thej  have  reached  certait  L 
epths,  when  the  sensation  of  something  bursting  within  the  ear 
with  a  loud  report  terminates  the  pain,  and  they  can  then  desceoi 
as  low  aa  may  be  necessary  without  any  further  inconvenience* 
There  can  be  no  doubt  that  all  this  is  occasioned  by  the  vast  pre^ 
sure  of  the  water  on  the  drum  of  the  ear,  and  its  consequent  rap- 
ture ;  and  probably  it  would  be  found  on  investigation,  ttiat  pearl' 
divers,  and  others  accustomed  to  deep  diving,  nave  the  auditory 
faculty  more  or  less  impaired. 

Whftt  effect  on  the  faealty  of  hearing  bae  a  mptere  of  tbe  tynpasodi  ? 

What  experiroent  proves  iha  exiitenae  of  a  paaiage  between  tbe  laoatk 
and  the  external  ear  r 

What  •entation  preeedea  the  relief  obtained  by  divera  when  tbiey  lr*t 
go  into  deep  water  ? 

*  This  chain  consists  of  three  distinct  bones,  called,  from  their  ret* 
pective  forms,  the  hatnmer,  the  anvU,  and  the  9thr^  ftsfici,    ma9m 
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7.  Though  air  is  the  usaal  medium  of  sound,  it  is  not  essential 
to  the  formation  or  the  propagation  of  sonorous  vibrations.  Some 
substance  however,  either  solid,  liquid,  or  aerial,  must  form  a 
continuous  connexion  between  the  sounding  body  and  the  ear ;  for 
sound  cannot  be  conveyed  through  a  vacuum.  If  a  small  bell  be 
suspended  under  the  receiver  of  an  air-pump,  in  such  a  manner 
that  it  can  be  struck  with  a  hammer  without  admitting  air  to  it, 
when  partial  exhaustion  has  taken  place,  the  sound  will  be  weak- 
ened, and  after  the  rarefaction  has  been  carried  as  far  as  possible, 
DO  sound  will  be  heard  on  striking  the  bell.  If  the  experiment 
be  made  by  inclosing  the  bell  in  a  small  receiver  full  of  air,  and 
placing  that  under  another  receiver  from  which  the  air  can  be 
withdrawn,  though  the  bell  when  struck  must  then  produce  sound 
as  usual,  yet  it  will  be  quite  inaudible,  if  the  outer  receiver  be 
well  exhausted,  and  care  be  taken  to  prevent  the  sonorous  vibra^ 
tions  from  being  propagated  through  any  solid  part  of  the  appara- 
tus. 

8.  As  sounds  become  weak  when  the  air  surrounding  the  sono- 
rous body  is  rarefied,  so  on  the  contrary,  any  sound,  as  that  of  a 
bell,  will  be  perceived  to  be  much  louder  when  the  bell  is  struck 
in  a  vessel  filled  with  highly  compressed  air,  than  when  struck 
with  the  same  force  in  a  vessel  of  air  of  the  common  density. 
Hence,  too,  it  happens  that  when  a  pistol  is  fired  on  the  top  of  a 
high  mountain,  wdere  the  air  is  comparatively  rare,  the  report  is 
not  so  loud  as  when  it  is  fired  at  the  base. 

9.  That  liquids  conduct  sound  with  no  less  facility  than  air 
may  be  ascertained  by  ringing  a  bell  under  water,  when  it  will 
be  heard  as  distinctly  as  when  rung  above  the  water.  And  a 
person  diving  under  water  would  plainly  hear  the  sound  of  a  bell 
struck  in  the  air  at  a  moderate  distance.  If  both  the  hearer  and 
the  sounding  body  be  immersed  in  the  same  mass  of  water,  the 
sound  will  appear  much  louder  than  when  passing  through  an 
equal  extent  of  air. 

10.  The  propagation  of  sonorous  vibrations  through  liquids  may 
be  renderea  visible ;  for,  on  rubbing  gently  with  a  wet  finger  the 
edge  of  a  drinking-glass,  half  filled  with  water,  sound  will  be  pro- 
duced, and  the  surrace  of  the  water  will  be  covered  with  minute 
undulations.    The  intensity  or  loudness  of  sound  in  fluids  appears 

What  function  docs  the  air  perform  in  regard  to  the  sonoroas  body  and 
to  the  ear  ? 

What  cxperi(nent  proves  the  necessity  of  a  medium  for  the  transmit- 
rion  of  sound  ? 

What  is  the  eflfcct  of  highly  condensed  air  on  the  loudness  of  sounds 
produced  within  it  ? 

What  other  evidence  is  afforded  of  the  effect  of  pressure  on  the  inten- 
sitv  of  sound  f 

How  can  we  prove  that  liquids  conduct  sound  ? 

Dous  it  appear  from  experiment  that  liquids  are  better  or  worae  con- 
ductors of  sound  tlian  air  f 

How  is  tJie  propagation  of  sonoroas  vibrat'iont  \n  Wq^xuda  t«^^«v^^<- 
uhJe  / 

^  2 
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• 

to  be  mogmeiited  in  proportioii  to  tlM  uioreMS  of  tfaeir  8]iedfie  fn« 
vity.  ThoB  wmfeer,  belngf  so  much  denaer  m  fluid  than  air,  floimdi 
produce  a  stronger  effect  in  the  former  medium  tiliaa  in  itis  laneri 
and  thetefore  it  maj  be  regarded-  as  a  wise  (irori^on  of  file  A^ 
thoT  of  Natore,  that  the  orgaas  of  liearing  ia  flefa  are  nreeh  leas 
perfecthr  developed,  and  eoQseqnendy  lee*  sensible  to  llie  impres- 
sions Of  sound  than  those  of  tenestrial  animals. 

11.  Solids,  when  th^  possess  elastieitf,  eonvey  sounds  to  fhs 
car  more  readily  and  effeothrely  tiian  gases  or  liqmds.  If  8-p«- 
son,  haid  of  hearing,  places  one  end  of  an  iron  rod  between  hb 
teeth,  while  the  otiier  end  reats  on,  the  edge  of  an  open  ketdoyhs 
will  understand  wliat  is  said  liy  diiother  diieeting  bis  foiee  iaio 
the  kettle,  more  distinctly  |han  if  tiie  Toiee  of  the  speaker  pissai 
through  the  air,  so  that  lie  might  confeiss  in  tius  manner  widl 
any  one  at  a  distance  at  wldoh  ne  would  not  hear  under  eiimmli 
circumstances.  When  a  stick  is  held  between  the  teeth  si  oai 
extremity,  and  the  dther  is  placed  in  contact  with  a  table.  As 
scratch  of  a  pin  on  the  table  may  be  heaid  though  both  ears  bs 
stopped.  When  pounds  aie  propagated  in  Ais  manner,  tiiesoBS^ 
rous  Tibiations  must  be  conToyed  throoeh  the  month  and  tUmg 
the  Eustishian  tube  to  the  interior  part  of  the  organ  of  hearing.' 

12.  Among  the  cTidenoes  of  tiiemnsmission  of  sound  throiqi^ 
solid  bodice,  may  be  mentioned  tiie  eommon  experiment  of  tyiM 
a  ribbon  or  a  stnp  of  linen,  cotton,  or  flannel,  to  the  upper  part  si 
a  large  poker,  so  that  it  may  be  supported  Terticslly  by  holdiaf 
the  two  ends  of  the  ribbon ;  which  are  to  be  brought  in  conlael 
with  the  ears,«nd  pressed  against  tiiem,  sp  as  to  close  them,  thai 
on  swinging  the  poker  so  that  it  may  strike  as  gently  as  pos8fl>l« 
against  a  bar  of  the  fire-grate,  or  any  o^er  metallic  substance,  t 
deep  sound  will  be  distinctly  heard  like  the  tolling  of  a  large  bdl; 
and  yet  if  the  ribbon-be  removed  from  the  ears,  and  the  poker  sos- 
pended  by  it,  and  struck  in  the  same  manner,  the  sound  will  be 
nardly  perceptible.  Some  experiments  will  subsequently  be  no* 
ticed,  whidh  show  that  sound  not  only  passes  much  more  readily 
through  elastic  solids  than  through  air,  but  also  that  it  traveiaee 
the  former,  with  abundantly  greater  velocity. 

13.  That  peculiar  kind  ofmotion  in  bodies  which  gives  rise  to 
the  sensation  of  sound  has  been  characterized  by  the  term  vibra* 
tion,  because  a  striking  analogy  may  be  traced  between  the  tiemo- 
lous  affitation  which  takes  plae^  amoncr  the  particles  of  a  sooad' 
ing  body,  and  the  oscillations  of  a  pendulum.  The  nature  of  so- 
norous vibrations  may  be  illustrated  by  attending  to  the  visible 

Aeeording  to  what  eireamstance  doei  their  oondoeting  power  appe»r 
to  be  angmemted  ?  ■ 

What  conducting  power  for  sound  is  possessed  by  elasti^JMids  eooh 
pared  with  that  of  othe^  classes  of  bodies  f 

In  what  manner  may  a  person  partially  deaf  be  enable^  la  cany  on  « 
conversation  ? 

What  easy  ezperinent  illastrates  the  transmission  of  somidt  by  islids  ? 

What  name  it  given  to  the  uotAouVky  ^ViM^d  wosHd  \%  v^odneed  / 
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motions  which  occur  on  striking  or 
twitching  a  tightly-extended  cord  or 
wire.  Suppose  such  a  cord 'repre- 
sented by  the  central  line  in  the  mar- 
ginal figure  to  be  forcibly  drawn  out 
to  A,  and  let  go,  it  would  immedi- 
ately recover  its  original  position  by 
Tirtue  of  its  elasticity,  but  when  it  reached  the  central  point  it 
would  hare  acquired  so  much  momentum  as  would  cause  it  to 
pass  onward  to  a,  thence  it  would  vibrate  back  in  the  same  man- 
ner to  B,  and  back  again  to  6,  the  extent  of  its  vibration  being 
gradually  diminished  by  the  resistance  of  the  air,  so  that  it  would 
at  length  return  to  the  state  of  rest.  The  stringr  of  a  violin  or  a 
harp  arawtt  aside  thus,  and  suffered  to  vibrate  freely,  would  pro- 
pagate its  vibrations  to  the  body  of  either  instrument  and  to  the 
surrounding  air,  and  thus  a  tone  or  musical  note  would  be  pro- 
duced and  rendered  perceptible  to  the  ear. 

14.  The  air  usually  encompassing  sounding  bodies  on  every 
side  conveys  the  sensation  of  sound  in  all  directions ;  therefore 
the  aerial  vibrations,  or,  as  they  have  been  termed  pulses,  must  be 
communicated  successively  and  generally  throughout  the  whole 
space  within  the  limits  of  which  mey  are  capable  of  affecting  the 
ear.  We  may  conceive  this  to  happen  in  consequence  of  minute 
expansions  and  contractions  of  the  particles  of  air,  which,  thus 
pressing  on  the  contigruous  particles  around  them,  excite  corre- 
sponding motions,  extending  every  way  from  a  common  centre. 

15.  These  soniferous  undulations  of  the  air  have  been  compared 
to  the  waves  spreading  in  concentric  circles  over  a  smooth  pond 
of  water  when  a  stone  is  thrown  into  it.  And  thus  as  the  liquid 
waves  are  propagated  not  only  directly  forward  from  the  centre, 
bot  also  if  they  encounter  any  obstruction,  as  from  a  floating  bo- 
dy, they  will  bend  their  course  round  the  sides  of  the  obstacle  and 
spread  out  obliquely  beyond  it, — so  the  undulations  of  air,  if  in- 
terrupted in  their  progress  by  a  high  wall,  or  any  similar  impedi- 
ment, will  be  continued  over  its  summit,  and  propagated  on  the 
opposite  side  of  iL  From  this  description  of  the  nature  of  sono- 
rous vibration  it  will  be  perceived  to  consist  of  the  alternate  dila- 
tion and  compression  of  certain  portions  of  air  or  other  bodies  act- 
iag  mechanically,  so  as  to  cause  corresponding  effects  throughout 
a  given  space ;  and  thiB  motion  thus  onginated,  produces  no  per- 
manent change  of  place  among  the  particles  of  the  sonorous  mass, 
but  simply  an  agitation  or  tremor,  so  that  each  particle,  like  a 

AVIiat  figures  are  nicoessiTely  assumed  by  a  string  or  wire  thrown  into 
a  stHte  of  vibration  ? 

What  pui^se  is  served  by  the  body  oF  a  stringed  instrument  ? 

Ilow  are  aSrial  ▼ibratiotis  at  puUea  communicated  ? 

How  mav  this  communication  be  accoanted  for  without  sapposii^  the 
ptrtielea  of  air  to  move  out  of  tlieir  respective  places  } 

To  what  have  soniferoqsNindulations  been  eom^are^  \ 

Whmt  aoalogoQB  cBeein  ihvouj*  the  supposition  of  lUe'ir  »\fiA\»x\V!  ^ 
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pendulum  that  has  been  made  to  oscillate,  recoTera  at  lettg;tli  hfl 
original  position.  Hence  sound  is  communicated  through  the  at^ 
mosphere  by  the  propagation  of  minute  vibrations  of  its  particles 
from  one  part  of  the  fluid  mass  to  another  without  any  translation 
in  motion  of  the  fluid  itself 

16.  "  Perhaps  we  may  most  distinctly  conceive  the  kind  of  fact 
here  spoken  of,  by  comparing  it  to  the  motion  produced  by  the 
wind  in  a  field  of  standing  corn :  grassy  fraves  travel  visibly  over 
the  field  in  the  direction  in  which  the  wind  blows,  but  this  appear^ 
ance  of  an  object  moving  is  delusive.  The  only  real  motion  is 
that  of  the  ears  of  grain,  of  which  each  ^oes  and  returns  as  the 
stalk  stoops  and  recovers  itself.  This  motion  affects  successively 
a  line  of  ears  in  the  direction  of  the  wind,  and  affects  simultane- 
ously all  the  ears  of  which  the  elevation  or  depression  forms  one 
visible  wave.  The  elevations  and  depressions  are  propagated  in 
a  constant  direction,  while  the  parts  with  which  the  s]>ace  is  fill- 
ed only  vibrate  to  and  fro.  Of  exactly  such  a  nature  is  the  pro- 
pagation of  sound  through  the  air.  'rhe  particles  of  air  go  and 
return  through  very  minute  spaces,  and  this  vibratory  motion  runs 
through  the  atmosphere  from  the  sounding  body  to  the  ear.  Waves, 
not  of  elevation  and  depression,  but  of  condensation  and  rarefac- 
tion, are  transmitted ;  and  the  sound  thus  becomes  an  object  of 
sense  to  the  organ."* 

17.  That  vibration  of  the  particles  of  bodies  which  has  been 
indicated  as  the  cause  of  sound  must  have  a  certain  degree  of  ve- 
locity in  order  to  produce  the  required  effect.  An  extended  cord 
may  be  so  slack  that  when  made  to  vibrate  it  will  yield  no  sound, 
its  motion  being  too  slow  and  weak  to  propagate  sonorous  undu- 
lations through  the  surrounding  air.  In  order  that  sound  may  be 
procured  the  tension  of  the  cord  must  be  increased ;  and  it  will 
then  be  found,  that  the  length  remaining  unaltered,  the  number  of 
vibrations  in  a  given  time  will  be  augmented  in  proportion  to  the 
additional  tension  of  the  cord. 

18.  It  has  been  ascertained  by  experiment  that  a  vibrating  cord 
will  not  produce  a  sound  distinctly  appreciable  by  the  most  deli- 
cate ear,  when  it  makes  less  than  about  33  vibrations  in  a  second.f 
But  the  susceptibility  of  the  organs  of  hearing  to  grave  or  acute 
sounds  appears  to  be  different  in  different  individu^s.  There  are 
some  curious  observations  on  this  subject  in  a  paper  published  in 

To  what  natural  appearance  may  we  compare  the  soniferous  waves  ? 
or  what  real  nature  are  the  waves  of  air  ? 

Will  every  degree  of  tension  in  a  cord  enable  it  to  produce  audible 
sounds  ? 
What  lias  experiment  proved  in  regai'd  to  this  matter  ? 
Are  all  ears  equally  susceptible  to  the  same  classes  of  sound  ? 

•  WhewelPs  Astronomy  and  General  Physics  considered  with  Refe- 
rence to  Natural  Theology,  b.  i.  ch.  xiv.  pp.  117, 118. 

t  Savart  asserts  that  he'  has  proved  by  experiment,  that  a  perceptible 
sound  Ja  produced  by  a  cord  giving  eight  »\iv^le  ^\Vkv«!ducv«  ivi  a  leeoDd. — 
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the  Philosophical  Transactions,  by  Dr.  Wollaston,  *<  On  Sounds 
Inaadible  by  certain  Ears."  The  attention  of  this  in^nious 
philosopher  was  attracted  by  the  circumstance  of  finding  a  person 
insensible  to  the  sound  of  a  small  organ-pipe,  which,  with  respect 
to  acuteness,  was  far  within  the  limits  of  his  own  hearing.  He 
was  hence  led  to  try  the  effect  of  different  modes  of  weuening 
the  sense  of  hearing  in  himself;  and  he  found  that  by  closin?  the 
nose  and  mouth,  and  expanding  the  chest,  the  membrane  of  the 
drum  of  the  ear,  being  subjected  to  extraordinary  tension  by  ex- 
ternal pressure,  made  the  ear  insensible  to  graye  tones,  witliout 
affecting  the  perception  of  sharper  sounds. 

19.  This  met  aiSbrds  some  eyidence  in  fayour  of  the  opinion 
that  the  membranous  drum  of  the  ear,  by  means  of  its  apparatus 
of  bones  and  muscles  connecting  it  with  the  internal  membrane 
oyer  the  labyrinth,  is  capable  of  tension  and  relaxation  so  as  to 
adapt  itself  to  receiye  ana  transmit  atrial  undulations  hayingr  dif* 
ferent  degrees  of  yelocity ;  and  hence  it  may  be  concluded  that 
the  power  of  perception  of  low  or  high  tones  depends  on  tiie  state 
of  the  membrane  of  the  drum  and  parte  united  to  it. 

20.  The  ranse  of  human  hearing  includes  more  than  nine  oo- 
tayes,  the  whole  of  which  are  distinct  to  most  ears,  though  the 
ribrations  of  a  note  at  the  higher  extreme  are  six  or  seyen  hundred 
times  more  frequent  Uian  those  which  constitute  the  nrayest  audi- 
Vle  sound;  and  as  yibrations  incomparably  more  Sequent  may 
exist,  we  may  imagine,  that  animals  like  the  Grylli  (crickete  or 
grasshoppere),  whose  powere  appear  to  commence  nearly  where 
ours  terminate,  may  hear  still  sharper  sounds,  which  we  do  not 
know  to  exist ;  and  that  there  may  be  insecte  hearing  nothing  in 
common  with  us,  but  endued  with  a  power  of  exciting,  and  a  sense 
that  perceives  the  same  yibrations  which  constitute  our  ordinary 
sounds,  but  so  remote  that  the  animal  who  perceiyes  tiiem  may  be 
said  to  possess  another  sense,  agreeing  witn  our  own  solely  in  the 
medium  by  which  it  is  excited,  and  possibly  wholly  unaffected 
by  those  slower  yibrations  of  which  we  are  sensible."* 

21.  Though  sound  may  be  propagated  through  an  infinite  mass 
of  air  to  yery  considerable  distances,  yet  ite  intensity  or  loudness 
diminishes  m  proportion  as  the  sonorous  yibrations  extend  from 
the  spot  where  they  are  produced.    The  rate  of  diminution  of  in- 

Wbat  facts  did  Dr.  Wollaston  observe  on  tbis  subject  ? 

lit  what  manner  may  the  sense  of  hearing  for  gnve  tones  be  volunta- 
rily weakened  ? 

On  what  is  the  power  of  perceiving  soands  of  different  degrees  of 
Muteness  probably  dependent  ? 

How  extensive  is  the  rane|e  of  human  hearing  } 

What  difference  in  the  degree  of  frequency  must  exist  between  the 
extremes  of  the  audible  scale  ? 

What  are  probably  the  endowments  of  insects  in  regard  to  sound  ? 

How  is  the  intensity  or  loudness  of  sounds  affected  by  the  distance 
from  the  sonorous  body  ^ 

•  Ab§tr»eta  of  Ap.  in  Phtlos.  Trans.,  iro\.  V\.  v*  \^* 
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tensity  may  be  inferred  from  mathemmtica]  ealcalation  u  well  at 
ascertained  by  experiment;  and  the  reaalts,  which  confinn  each 
other,  show  tnat  other  circamsGinces  being  alike,  the  inteDsity  of 
sound  will  be  the  inverse  ratio  of  the  aqnare  of  the  distance  of 
the  place  of  observation  from  the  sooriding  bod  j.  The  distance 
to  which  sound  can  be  tnnsmitted  through  the  atmosphere,  de- 
pends in  some  degpre^  on  the  direction  of  the  wind  and  local  cir- 
cumstances.  Most  persons  residing  within  a  few  miles  of  a  very 
large  bell  must  have  observed  that  the  sound  of  it  will  he  audible . 
or  otherwise,  in  certain  situations,  according  to  the  quarter  from 
which  the  wind  blows.  Under  fitvourable  circumstances  sounds 
may  be  conveyed  to  great  distances^  Instances  are  j«oorded  of 
the  report  of  a  cannon  having  been  heaid  thirty  leagues  from  the 
place  where  it  was  fired.* 

22.  The  absolute  yeloeitr  with  which  sound  is  propagated 
must  depend  on  the  nature  of  the  medium  by  which  it  is  conveyed. 
Atmospheric  air  being  the  general  medium  of  sound,  the  investi- 
gation of  its  conductuur  power  has  at  different  periods  occupied 
9ie  attention  of  men  of  science.  Cassini,  Picard,  and  Romner, 
members  of  the  French  Academy  of  Sciences,  in  the  latter  part 
of  the  seventeentii  century,  made  experiments  from  which  mey 
inferred  that  sound  travels  1173  fe^t  in  a  second  of  time ;  Dr.  Hallejr* 
and  Flamstead,  the  astronomer  royal,  who  pursued  Uie  inquiry  m 
England,  were  led  to  the  conclusion  that  the  common  veloeit|r  of 
sound  vras  1142  feet  in  a  second ;  and  this  deduction  was  confirm- 
ed by  the  varied  and  extensive  researches  of  Dr.  Deriiam,  in  con- 
seifuence  of  vrhich  it  has  been  generally  adopted  by  subsequent 
writers  on  thia  branch  of  science.  This  statenient,  however,  is 
now  considered  as  requiring  some  correction  on  account  of  the 
influence  of  temperature ;  and  from  a  ccns^parison  of  the  experi- 
ments of  Derham  made  in  the  day-time,  with  some  more  recent 
nocturnal  observations  of  French  academicians,  it  i^ppears  that  ibe 
actual  velocity  of  sound,  at  the  zero  of  temperature  of  tiie  centi- 
grade thermometer  (32  deg.  of  Fahrenheit)  is  about  1130  feet  in 
a  second ;  which  likewise  agrees  with  other  accurate  ei|»eriments 
of  profidssor  Pictet  of  Geneva. 

23.  By  adopting  either  of  the  numbers  last  stated  sufiSciently 
correct  calcularions  may  be  made  of  the  distances  of  objects  as 
inferred  from  the  relative  velocities  of  light  and  sound ;  the  fer^ 

Aceordine  to  what  law  does  it  vary  ? 
On  what  does  the  absolute  ▼elocity  of  aound  depend  ? 
What  is  the  absolute  veloeity  of  sound  in  air  at  SSf*  Fahrenheit  f 
How  is  a  knowledge  of  that  velocitj  applicable  to  the  measure  of  dis- 
tances ? 

*  When  the  explosion  of  the  volcano  of  Cotopaxi,  in  Peru,  took  phiee, 
in  Januaiy  1803,  the  noise  it  oceauoned  was  bcMurd  day  and  night,  like 
continued  di8chRi*ge8  of  artillery,  at  the  port  of  Guayaquil,  52  leafpuet 
distant,  by  the  travellers  Humboldt  and  Bonpland.— Edinburgh  Review 
for  Nor,  19H,  rol.xxiv.  p.  \K%\  fvomHumMdV%1kMM9ethAV 
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mer  from  its  extreme  celerity  bein^  regarded  as  appearing  instan- 
taneously* on  its  production,  at  distances  not  exceeding  a  few 
miles.  Thus  supposing  a  flash  of  lightning  to  be  perceived,  and 
on  counting  the  seconds  that  elapse  before  the  thunder  is  heard, 
we  find  them  to  amount  to  3^ ;  then  if  we  reckon  the  velocity  of 
sound  at  the  rate  of  1130  feet  in  a  second,  it  will  follow  that  the 
thunder-cloud  must  be  distant  1 130  X  3^s^3955  feet.  In  the  same 
manner  may  be  discovered  the  distance  of  a  ship  at  sea,  if  we 
«ee  the  flash  of  a  ffun  fired  from  it,  and  ascertain  the  number  of 
seconds  that  elapse  before  the  report  becomes  audible.  In  defect 
of  a  stop-watch  a  rough  estimate  of  time  may  be  made  by  any 
person,  by  counting  the  pulsations  of  the  artery  at  his  wrist,  which 
IB  most  young  people  m  health  will  amount  to  about  70  in  a 
minute. 

34»  Sounds  are  propagated  with  greater  or  less  velocity  through 
gases  according  to  their  density;  and  thus  a  sharper  tone  will  be 
produced  by  a  sonorous  body  in  hydrogen  gas  than  in  atmos- 
pheric air,  and  a  graver  tone  by  the  same  body  in  carbonic  acid  or 
fixed  air.  Vapours  of  water,  spirit  of  wine,  or  ether,  are  capable 
of  conveying  sounds  with  degrrecs  of  facility  proportioned  to  their 
icspective  densities,  as  appears  from  experiments  made  at  Arcueil, 
near  Paris,  by  Biot,  Berthollet,  and  Laplace,  the  first-mentioned 
of  whom  published  an  account  of  their  investigations  in  1807. 
TTie  vapour  of  ether  conveys  sound  almost  as  readily  as  atmos- 
pheric air;  for  a  bell,  the  sound  of  which  in  air  could  be  heard 
Bt  the  distance  of  158.5  yards,  was  heard  in  the  vapour  of  ether 
II  that  of  143.7  yards.f 

S5.  Experiments  on  the  conduction  of  sound  by  water  were 
made  a  few  years  ago,  by  Messrs.  Colladon  and  Sturm,  in  the  lake 
of  Geneva.  The  method  of  operation  was  to  sink  a  large  bell  seve- 
ral feet  below  the  surface  of  tne  water,  strike  it  a  smart  blow  with 
a  hammer,  the  handle  of  which  at  the  same  instant  brought  a  blaz- 
ing prrt-llire  in  contact  with  half  a  pound  of  gunpowder  to  produce 
a  signal.  The  sound  was  heard  nine  miles  by  means  of  a  spe- 
cies of  oar  trumpet,  sunk  in  the  water,  and  having  a  broad  spade- 
like surface  facing  the  direction  in  which  the  sound  came.  The 
times  were  accurately  noted,  and  the  distances  having  been  care- 
fully determined  by  triangulation,  the  velocity,  per  second,  was 
found  to  be  4709  feet.^: 

To  Mhat  expedient  may  one  resort  when  not  furnished  with  a  time- 
litH'per  to  note  the  time  elapsed  between  the  perception  of  light  and  of 
touiid  in  any  given  explosion  ? 

How  are  tbe  different  gases  related  to  each  otlier  in  regard  to  the 
tr^iiKniission  of  sound  ? 

With  what  proportionate  velocldes  do  the  vapouri  of  different  liquids 
«oiuluct  sound  ? 

In  what  manner  has  the  conducting  power  of  water  been  determined  f 

•  See  Treatise  on  OpHct. 

i  See  Nicholson's  Philo«o|ih.  Journal,  1818,  8vo.  vol.xxx.  y^.  160.  \X%. 

\  See  AiiiMiles  de  Chym.  et  <ie  Pliys.  vol.  xxxvi 
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26.  Examples  have  been  already  adduced  of  the  facility  wiUi 
vrhich  solid  bodies  transmit  soundfs.  To  these  it  may  be  added, 
that  the  North  American  Indians  avail  themselves  of  this  pro- 
perty of  solid  matter,  applying  their  ears  close  to  the  ground  in 
order  to  discover  the  noise  made  by  approaching  enemies,  when 
the  distance  i8_too  great  for  the  sounds  to  be  conveyed  througrh 
the  air.  Upon  the  same  principle  is  founded  the  utility  of  the 
stethoscope,*  an  instniment  invented  some  years  since  by  Dr. 
Laennec,  a  French  physician,  to  ascertsdn  the  state  of  the  cavities 
of  the  body,  especially  the  chest,  as  to  health  or  disease.  It  con- 
sists of  a  wooden  cylinder,  one  end  of  which  being  placed  in  con- 
tact with  the  surface  of  the  body  to  be  examined,  and  the  othei 
resting  against  the  ear  of  the  observer,  then  by  gently  striking 
the  body  with  the  knuckles  or  otherwise,  sounds  will  be  perceived 
indicative  of  the  existence  of  abscess,  schirrus,  or  any  other  altera- 
tion of  structure  which  may  have  taken  place. 

27.  Dr.  Chladni,  a  German   philosopher,  who  distinguished 
himself  by  his  investigations  relative  to  acoustics,  estimated  the 
velocity  of  transmission  of  sounds  by  the  tone  produced  by  vibra- 
tion, or  in  other  words,  by  the  musical  note  emitted  by  a  red  or 
bar  of  any  substance  when  struck.     By  thus  comparing  the  sound 
of  a  rod  made  to  vibrate  longitudinally  with  that  of  a  column  of 
air  vibrating  in  a  tube  of  the  same  length,  he  found  that  the  velo- 
city of  sound    in  air  being  represented  by  1,  the  velocity  of 
sound  transmitted  by  tin  would  be      -        -        -        -        -     7i 

By  silver  -        -        -        .-        -        -        -        -9 

By  copper  ---------12 

By  iron      --------  -17 

By  different  kinds  of  wood  -        -        -  from  11  to   17 

Iron  and  glass  appear  to  be  among  the  best  conductors  of  sounds 
which  they  transmit  at  the  rate  of  17,500  feet,  or  more  than  3  miles 
in  a  second. 

28.  Some  very  interesting  experiments  on  the  capacity  of  solids 
to  conduct  sounds  were  made  by  M.  Biot,  at  Paris,  in  which  the 
research  was  prosecuted  by  more  direct  means  than  those  lasl 
stated,  and  different  results  were  obtained,  whence  the  velocity 
of  the  transmission  of  sound  through  cast  iron  appears  to  be  in* 
ferior  to  the  preceding  estimate.  M.  Biot  took  advantage  of  the 
circumstance  of  laying  down  trains  of  cast-iron  pipes  in  the  Frencl 
metropolis  to  form  an  aqueduct  3120  feet  in  length.    At  one  ex- 

W'liat  ncciiliai'  use  do  the  Aroericaii  Indians  make  of  the  conducting 
power  of  solids  ? 

What  purpose  does  it  serve  in  the  practice  of  medicine  ? 

What  is  the  construction  and  use  of  the  stethoscope  ? 

Wlmt  is  the  ivlation  of  the  metals  to  each  other  m  regard  to  the  cod* 
fluction  of  sound  ? 

What  solids  appear  to  be  among  the  best  conductors  of  sound  ? 

In  what  manner  did  Biot  determine  the  relative  conducting  power  of 
iron  and  of  air  ? 

I-        -  —       --  -  -  ^^ . ■ 

*  From  the  Greek  £Tii4a{,  Ums  br««i8i,  ov  Q\)kCDL,%x^d  ii:«L««<«t^  to  exanuDe 
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faremity  of  the  tubes  was  fitted  a  rinff  of  metal  of  the  same  diameter 
as  the  orifice,  in  the  centre  of  which  were  fixed  a  clock-bell  and  a 
hammer  which  could  be  made  to  strike  at  pleasure,  in  such  a  man- 
ner that  the  hammer  would  fell  on  the  bell  and  on  the  ring  of  metal 
just  mentioQed  at  the  same  instant :  thus  the  sound  of  the  latter 
being  transmitted  through  the  adid  metal  or  tube  itself,  and  that 
of  the  former  through  the  aerial  canal  or  earity  of  the  tube,  the 
perceptiUe  difference  o»f  the  time  of  transmission  by  the  respec- 
tive mediums  might  be  determined.  It  was  found  that  by  placing 
the  ear  against  the  other  extremity  of  the  pipe  two  sounds  were 
distinctly  heard,  and  the  time  being  very  accurately  noted,  by 
means  of  a  seconds  watch,  it  appeared  from  a  mean  of  many  ex- 
periments that  sound  is  transmitted  with  10^  times  greater  velocity 
through  cast  iron  than  through  air,  travelling  through  the  former 
at  the  rate  of  11,865  feet  in  a  second. 

29.  It  is  a  commonly-received  opinion  that  acute  and  grave 
sounds  are  transmitted  in  all  directions  with  equal  velocity ;  and 
an  experiment  made  by  M.  Biot  on  the  same  train  of  pipes  that 
served  §ar  those  just  recorded  tends  to  confirm  it.  He  caused  a 
man  at  one  extremity  of  the  train  to  play  various  airs  on  the  flute, 
placing  himself  at  the  other  end  to  observe  the  effect.  Now  a 
piece  of  music  consisting  of  a  series  of  notes  varying  firom  acute 
to  grave  and  the  contrary,  and  forming  a  peculiar  melody,  adapted 
to  a  certain  measure,  which  regulates  strictly  the  intervals  of  the 
successive  tones,  it  must  follow  that  if  at  the  distance  of  3120 
feet  any  difference  had  been  perceived  in  the  velocity  of  the  dif- 
ferent notes,  the  music  would  have  become  confused  and  imperfect 
at  the  distance  just  stated.  This,  however,  was  by  no  means  the 
case,  the  melody  being  as  perfect  when  thus  listened  to  as  in  the 
immediate  focus  of  the  sounds. 

30.  There  can  be  no  doubt  that  acute  and  ffrave  sounds  are  trans- 
mitted through  spaces  of  no  very  considerable  extent  without  any 
perceptible  difference  of  velocity ;  for  otherwise  there  could  be  no 
such  thing  as  harmony,  or  the  concord  of  sounds  varying  in  tone 
or  pitch,  except  in  the  immediate  vicinity  of  the  source  of  sound. 
But  that  all  sounds  pass  with  equal  celerity  through  the  same  me- 
dium to  any  imaginable  distance  seems  improbable;  and  more 
numerous  and  precise  experiments  than  have  hitherto  been  made 
would  be  requisite  in  order  to  enable  us  to  decide  the  point  in 
question. 

31.  Sounds  certainly  in  some  respects  interfere  with  each  other. 
Thus  one  sonorous  body  being  made  to  vibrate,  all  others  near  it 

What  WEB  the  resalt  of  his  experimenta  ? 

What  is  the  rate  of  tmnsinission  of  grave  compored  with  that  of  acute 
sounds  ? 

How  did  Biot  oonda^  his  experiments  on  this  subjeet  ? 

Why  are  we  allowed  to  suppose  an  equally  rapid  transmission  for  sounds 
(tf  all  degrees  of  aeuteness  r 

What  oeeurs  when  of  several  sonorous  bodies  neat  eaeVk  o>\i<iiv,  vcA 
tamed  to  meeord,  one  h  thrown  into  a  state  of  vibra\iou } 

X 
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capable  of  prodaeinsr  the  same  tone  wiU  Tibfate  also;  and  tiien- 
fore  Wlien  one  body  la  made  to  prodaee  a  oertaitt  note,  probably 
its  aoiuftnrooa  Tibiationa  woold  be  ebeeked  or  intermpted  by  Ike 
emission  of  a  more  powerfal  or  diaeordaiit  aoond  from  iaodier 
body  near  it.  Heooe  weak  aoonda  fenerally  ipe  drowned  by  load 
ones;  and  on  the  eontraryv  dorinr the silenee of  nif;bt,  many  m* 
tie  sounds  become  perceptible  wfieh,  amidift  the  dm  aiislnflr  fioa 
daily  laboor,  basuMsa,  and  pleasnie,  eepeelally  in  a  erowded  dty, 
are  completely  atiAMi  ere  they  can  reaen  the  ear. 


"^  7%eary  of  Mutieal  Soon^ 

33.  Most  peraons,  in  whom  the  aenae  of  hearing  ia  perftet,  po»* 
seKs  the  faculty  of  distinguishing  cortain  lelationa  Detween  aooads 
differing  in  tone,  that  is,  being  more  or  lean  gmye  or  aenteooe 
tkui  another ;  and  such  persona  are  said  tohave  a  mtmaie&l  ear,  or 
€tn  ear  fot  mutitj^  because  piecea  of  mnaie  eonaiatof  eoariiinatJem 
of  such  tones  or  sounds  aa  thooe  just  mentioned*  Ite  manner  ia 
which  musieal  sounds  are  formed  by  diffittent  inateamenta,  aad 
the  peculiar  circumstances  on  which  their  mutual  relationa  depssd* 
will  now  be  the  anbject  of  inTestigatioa* 

How  are  weak  aoonda  affected  hf  the  oeearrenea  of  nore  povcM 
onet  in  tlieir  Tieinitj  ? 
What  is  meant  by  **  a  nauicaltarP' 

*  There  are  persons  who,  though  endowed  with  the  sense  of  heariuf 
in  perfeetion,  yet  appear  to  be  utterly  destitute  of  an  eaf  for  muuc 
The?  seem  to  lutve  no  perception  whatever  of  the  pleasure  generally  ci* 
eited  b^  successions  oi  melodious  sounds,  and  therefore  (if  tb«ar  owi 
professions  are  to  be  believed)  they  eannot  properW  distingul^  one  tons 
from  another,  or  discriminate  between  tlie  noise  ol^  an  itinerant  mosac* 
gi*inder  and  the  performance  of  a  musician  possessing  exquisite  skill  and 
taste.  It  would  be  unreasonable  and  unjust  to  attribute  the  alleged  indif" 
ference  of  sneh  persons  to  caprice,  and  to  doubt  their  veracity ;  for  it 
would  be  diflRcult  Xg  point  out  any  motive  which  could  induce  a  person  to 
counterfeit  an  insensibility  to  the  **  concord  of  sweet  sounds.**  Tlie 
writer  of  this  note  heard  a  clergyman  of  his  acquaintance,  after  bavinf 
witnessed  the  singing  of  CataUni,  declare  that  he  was  utterly  unable  to 
ascertain  in  what  respect  her  performance  excelled  that  of  a  eommon 
ballad-singer,  sravely  averring  that  he  tliought  the  melody  of  the  one 
jusl  as  agreeable  as  that  of  the  other.  It  is  deserving  of  notice  that  iiidi- 
vidnaU  distinguished  for  poetical  Ulent  have  been  de^titote  of  an  ear  for 
music.  This  was  the  ease  with  the  celebrated  poet  Pope,  one  of  the 
most  exquisitely  skilful  masters  of  the  melody  of  verse  that  ever  existed, 
who  was  unable  to  perceive  any  difference  between  the  compositions  of 
HRndel  and  the  vilest  attempts  of  a  wandering  fiddler.  It  appears,  like- 
wise, that  a  highly  distinguished  ^oet  of  the  present  age.  Sir  Walter 
Scott,  though  not  incapable  of  enjoying  music  when  performed  by  oUiefi, 
was  utterly  unable  to  acquire  a  practical  knowledge  of  music ;  and  thst 
when  young,  having  been  placed  under  the  tnl|ion  of  an  eminent  teaekr 
of  music  at  E<diiiburgh,  the  attempt  to  instroet  him  was  relinqdUkcd, 
after  a  short  time,  on  the  ground  that  he  was  totally  deficient  In  that  io- 
dhftenuble  requisite  for  acquiring  the  art— a  muticd  ear.— fltoe  AiMNil 
Biogmphf^  woU  x? ii.  p.  ITD.  ' 
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83.  It  has  been  already  stated  that  the  character  of  a  sound  as 
to  grvwity  or  acnteness,  is  determined  by  the  number  of  yibrations 
in  a  given  time  made  by  the  sounding  body,  and  thence  propagated 
through  the  air,  or  some  other  mecTium,  to  the  ear.  A  sonorous 
body,  as  for  instance,  a  bell,  the  dimensions  and  general  form  of 
which  remain  unaltered,  will,  when  struck,  always  emit  the  same 
sound ;  for  though  its  sonorous  yibrations  may  be  more  or  less 
powerful  according  to  the  manner  in  which  it  is  struck,  they  will 
always  be  isochronous,  or  equal  in  equal  times.  Suppose  then  a 
series  of  three  bells  to  differ  relatively  in  size,  so  that  the  largest 
should  vibrate  when  struck  356  times  in  a  second,  the  next  519 
times,  and  the  smallest  1034  times,  it  would  be  found  that  the  first 
bell  would  yield  the  sound  or  tone  called  middle  C  of  the  piano- 
forte or  harpsichord,  or  that  note  produced  by  pressing  down  the 
central  key  of  the  instrument ;  the  second  bell  would  yield  a  tone 
an  octave  above  the  former;  and  the  third  bell  one  an  octave 
higher  still ;  for  the  lar^r  bell  would  yield  the  graver  sound. 

34.  The  number  of  vibrations  which  take  place  in  a  soundinor 
body,  and  the  consequent  tone  which  it  yields,  depend  on  sevens 
circumstances  connected  with  the  peculiar  form  and  consistence 
of  the  body ;  and  hence  the  variety  of  musical  instruments,  the 
distinguishing  properties  of  which  depend  on  the  diversity  of 
modes  in  which  harmonious  sounds  can  be  formed  and  propagated. 
The  manner  in  which  the  tones  are  emitted  by  an  extended  string 
or  wire  will  afford  an  example  of  the  modifications  of  sound  pro* 
duced  by  alterations  of  the  state  and  condition  of  the  string  as  to 
its  dimensions  and  tension. 

35.  1.  When  two  strings  of  equal  diameter  are  eoually  stretch- 
ed, the  relative  numbers  of  their  vibrations,  and  of  the  consequent 
tones  they  jrield,  will  be  in  the  inverse  ratio  of  their  lengths :  thus 
if  two  strings  A  and  B  have  the  same  size  and  tension,  and  if  A 
have  double  the  length  of  B,  the  former  will  vibrate  only  half  as 
many  times  in  a  second  as  the  latter,  and  will  yield  a  note  an  oo- 
tave  below  the  latter. 

9.  When  strings  have  the  same  length  and  tension,  the  num- 
bers of  their  vibrations  and  respective  tones  will  be  in  the  in 
Terse  ratio  of  their  diameters. 

3.  When  strings  have  the  same  diameter  and  the  same  length, 
the  numbers  of  &eir  vibrations  and  relative  tones  will  be  in  the 

What  remarkable  examples  may  be  cited  of  persons  wanting  this  fa- 
enlnr? 

What  relaUoa  alvays  subsists  between  the  ribrations  of  a  sonorout 
bodf  of  invariable  dimensions  ? 

What  numbers  of  vibration  must  three  bells  make  in  order  that  their 
tones  should  be  an  octave  apart,  and  the  lowest  one  correspond  with  the 
middle  C  of  the  piano  f 

On  viMt  eireomstaneet  does  the  number  of  vibrations  in  a  sounding 
body  depend? 

What  relation  subsists  between  the  numbers  of  vibraUont  tom^^axtAk 
vhh  tlM  Imgrtha  of  string  ? 

yFbn^  eomjmred  with  their  diameten? 


io  of  the  sqnsre  rooia  of  tha  wngbta  by  wUcb  Oqr  tn 


BO  alaeklf ,  tfa«t  when  iit%de  to  vittTBte,  no  Bndibl«  Mimd  wSl  b« 
prodneed ;  Mid  from  Mwrinieiital  (A«nt«tion  it  may  ba  bfamd 
that  a  atring  vibredog  Maa  dian  rf^.*  tunea  to  ■  •ecood  vlU  not 
jield  a  peTMptibla  aonnd. 

37.  Oolomna  of  air  ioelnded  iriddn  tabaa,  iriian  (hnrtrn  falo 
the  atate  of  Bonorona  Tibratian,  Ttald  toMa  beaifav  CMtaU  lelatiMtt 
to  theit  length*  i  and  other  circnnutoneea  ramaufaiff  tmahvod,  a 
tube  (J  anj  given  lenrlfa  e^mble  of  jiel^i^  a  mtiueal  tMie,  wtO, 
whm  reduced  to  ball  Aat  length,  yield  a  tone  an  octave  hi^^gr 
Aan  before.  I^e  following  acale  will  abow  die  relatire  length* 
of  open  tnbea  reqairfte  to  prodaee  a  anecaaaian  of  oehTaa,  eixa- 
meDcing  from  the  loweat  andtble  aoimd,  nad  widi  the  numberarf 
the  TibrationB  taking  ^ace  dnimg  the  emiBaion  of  Meb  aoimd. 
Scalt  of  OctoM*  eerrapoitdktg  ttitk  «rM«  h^«fa  ^  tf^  Organ- 
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inepection  of  the  preceding  taUe,  pwMdTatbal  the  third 
What,  eompared  vfth  (b»  MretiililtiK  vd^  or  tauUittf 
Wh*l  ii  the  reUtlM,  In  point  of  aoatenH*.  betveeo  the  tsoai  af  ■  plpa 
r  ■  pnm  Icnpb  ind  of  one  bat  lulf  that  len|th  f 
Threngh  hov  annj  oetiTei  tn  mndi  may^pA  Hm  by  ibml 


cngth  f™, 


1 1} inshei ! 


»  prored  bf  Sanrt.— Renie  KnntfoMdtWBk  JidlM,-  IMI,  Md 
ae  Chlia.  nri.  xiitL— Cn. 
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sod  fourth  stayee  marked  with  the  treble  and  bass  clefs,  widi  the 
siogfie  line  between  them,  include  three  octaves,  while  the  lines 
above  the  treble  clef  and  those  below  the  bass  clef  maj  all  be 
considered  as  so  may  ledger  lines.  Persons  who  have  no  know« 
ledge  of  mnsic  may  be  inibrmed,  that  this  scale  of  nine  octaves 
not  only  includes  the  utmost  range  of  musical  tones  ever  employed 
in  practice,  but  also  that  the  notes  at  either  extremity  of  the  scale 
are  rarely  introduced,  but  few  instruments  being  adapted  for  the 
production  of  such  tones. 

39.  The  numbers  at  the  bottom  of  the  foregoing  scale  denote 
the  half  vibrations  performed  respectively  in  a  second  by  the  seve- 
ral columns  of  air  whose  lengrths  are  stated  above.  Sonorous 
vibrations,  like  those  of  a  pendiilum,  extend  on  either  side  of  the 
point  occupied  by  the  vibrating  body  when  in  the  state  of  rest. 

Suppose  A  B,  in  the  marginal  figure,  to  be  an  ex- 
tended string  or  wire ;  if  it  be  drawn  aside  to  C,  and 
suffered  to  vibrate,  its  oscillations  will  carry  it  alter- 
nately on  either  side  of  the  central  point  E  ;  and  its 
passage  from  0  to  £  may  be  termed  a  semi-vibration, 
but  when  it  has  arrived  at  £,  its  momentum  will  cause 
it  to  proceed  to  D,  and  thus  a  complete  vibration  must 
include  a  certain  space  on  either  side  of  the  central 
point  or  line  of  rest,  to  which  the  string  will  grraduall  v 
return  as  its  motion  progressively  declines  through 
"  the  resistance  of  the  air. 

40.  If  we  consider  the  manner  in  which  sound  is  propagated, 
it  will  be  manifest  that  it  can  only  affect  our  ears  by  means  of 
semi-vibrations,  for  the  sonorous  undulations  of  air  or  any  other 
conducting  medium  consist  of  contractions  and  dilations  through 
indefinitely  minute  spaces ;  and  the  impression  of  any  particle  of 
air  on  the  drum  of  the  ear  must  be  made  in  its  semi-vibration  to- 
wards the  ear,  while  the  corresponding  semi-vibration  will  act  in 
the  'opposite  direction. 

41.  Hence,  in  estimating  the  relations  between  the  tones  of  a 
sonorous  body,  as  the  string  of  a  harp  or  pianoforte,  and  the  num- 
ber of  its  isochronal  vibrations,  it  is  usual  to  reckon  the  complete 
vibrations ;  and  therefore  the  number  of  effective  or  perfect  vibra- 
tions answering  to  each  of  the  notes  in  the  preceding  scale  will 
be  just  h^f  the  number  stated  at  the  bottom  of  the  scale ;  and 
these  numbers  will  correspond  with  those  of  the  sonorous  vibra^ 
tions  of  bells  mentioned  above. 

42.  Musical  instruments  yield   not  only  octaves,  but  also  a 

How  extensive  is  theaetaal  range  ordinarily  employed  in  musical  eom- 
position  ? 

What  resemblance  exists  between  the  oscillations  of  a  pendnlum  and 
the  vibrations  of  sonorous  bodies  ? 

How  is  it  customary  to  reckon  the  number  of  vibrations  of  a  sonorous 
body  ? 

What  is  the  differenee  between  one  tone  and  aiM^er  ou  il  tErajoMS 
Mramcot,  eommonJf  eaJJed  P 

x9 
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vmriety  of  inteftnediate  tones,  Whieh  have  oertaiaiektioiui  toesch 
other ;  Mid  the  difference  between  one  tone  and  anotfaer,  is  termed 
an  interya).  When  two  tones  or  notes  somided  togedier  prodnoe 
an  agreeable  effecton  the  ear,  the  eotfbiiMlion  is  imlled  a  nrasieal 
concord;  and  when  the  Affect  is  disagieeablSt  it  is  called  a  dis- 
cord. It  appears  from  espMiawnt,  tfiat  sb^  two  notes  will  form 
a  consonance  or  concord,  more  or  less  pemet  in  proportioa  as  the 
relation  between  the  numbers  of  tiu^  Tibfalions  is  more  or  less 
simple.  Thus  if  one  note  is  the  result  of  anomber  of  vibratioBS 
douole  that  of  those  belonffingr  to  anodier  iiMe,  tiw  former  will  be 
an  octave  to  the  latter,  and  dieir  TibrsliioDB  will  be  retatiTely  ss 
Stol. 

43.  It  has  be«D  already  showttr  that  say  seiiea  of  vibiatloaB 
successively  duplicates  of  those  pnesding  them  will  tern  so 
many  octaves,  all  denoted  in  the  gamut  or  masical  alphabet  by 
the  same  letter.  Indeed  the  agrsemeiit  between  notes  prodooed  by 
a  series  of  vibrations,  when  tluMe  eonespoadinff  with  me  higher  or 
scoter  note  are  exactly  double,  quadruple,  ei^t  times,  te.,  those 
correspondijig  with  the  lower  note,  is  so  psneet,  timt  in  musieal 
composition,  octaves  are  eonsidOTed  as  hanag  the  same  effeet  with 
notes  whose  vibrations  are  equal,  and  wlueh  are  therBfore  said  lo 
be  in  unison. 

44.  The  common  musical  scale  or  gamut  imidudes  seven  inter- 
vals, between  one  octave  and  that  next  above  or  below  it,  and 
consequently  it  consists  of  eight  notes  taking  in  the  two  octaves. 
These  notes  have  been  distinguished  by  certain  names,  each  ibrm- 
ed  of  a  single  syllable ;  but  it  is  more  usual  for  teachers  of  musie, 
in  this  country  at  least,  to  designate  the  notes  by  the  first  seven 
letters  of  the  slphabet,  and  thus  the  octaves  are  always  denoou- 
nated  by  the  same  letter  as  that  from  which  the  scale  beg^yns. 

45.  In  any  series  of  notes  or  tones  the  iramber  of  correspondisfr 
vibrations  will  always  increase  in  a  certain  ratio  to  the  increased 
acuteness  of  tone ;  and  on  the  other  hand,  if  the  notes  be  pro- 
duced by  a  string  of  a  given  diameter  and  tension,  its  lenfftfi  must 
decrease  in  proportion  to  the  increase  of  sonorous  vibrations  and 
acuteness  of  tones.  The  relations  between  the  numbers  of  sono- 
rous vibrations  and  the  leng^s  of  strings  required  for  the  prodoe* 
tion  of  the  notes  forming  a  single  octave  will  appear  from  tiiefi^ 
lowing  table  of 'the  notes  of  the  gamut,  or  diatonic  scale : 

What  is  meant  by  the  terms  concord  and  tk'MCord^' 

How  is  the  fetation  of  the  nambert  of  Tibratioai  required  for  two 
notes,  connected  with  their  respective  efleets  on  tlie  ear  ? 

What  relation  has  the  number  of  vibraliona  in  a  string  prodimng  t 
given  tone  to  that  of  another  soonding  aa  ttave  below  f 

How  are  octaves  regarded  in  musical  composition  ? 

How  many  intervals  has  the  eommoo  musieal  feeale  or  gamat? 

How  are  the  notes  designated  ? 

How  will  the  number  of  vibratioat  in  any  aertct  of  ootos  always  bt 
compared  to  the  acuteness  of  tone  } 

When  a  string  of  given  diaoMtar  and  tcaaien  ia  comidersd»  how  viD 
the  MeateiietB  of  notes  vary  ? 


NiiBies  of  Notes. 

RelatiTe  Number 
of  Vibtmions. 
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■» 

• 

ttt 
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1 

D 
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- 
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. 

• 

mi 
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6^       - 
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fa 
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4-3       - 

6 
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sol 
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la 
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■» 

- 

si 
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15-8       - 

C 
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. 

ut 

. 
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Relative  Lengths 
of  Strings. 
1 
S-9 
4-5 
3-4 
3-3 
3^ 
8-15 
1-2 

46.  Sooh  is  the  musical  scale  that  appears  to  be  founded  on  the 
relations  between  sonorous  vibrations  and  the  perceptiye  powers 
of  man ;  for  it  has  been  generally  adopted  with  slight  modifica- 
tions by  the  inhabitants  of  all  countries  with  whose  music  we 
have  any  acquaintance.  A  comparison  of  this  table  with  the  scale 
of  octaves  in  a  preceding  page  will  show  how  the  gamut  may  be 
applied  to  saccessive  octaves,  the  notes  in  every  octave  being 
dmded  by  similar  intervals  from  each  other. 

47.  The  eight  or  rather  seven  notes  of  the  gamut  (the  last 
being  an  octave  of  the  first,)  are  not  however  separated  by  equal 
intervals.  On  observing  the  relations  between  the  different  num- 
bers of  vibrations,  we  snail  find  that  the  relation  or  interval  be- 
tween C  and  D  is  as  8  to  9 ;  that  between  D  and  E,  as  9  to  10 ; 
between  E  and  F,  as  15  to  16 ;  between  F  and  G,  as  8  to  9 ;  be- 
tween G  and  A,  as  9  to  10;  between  A  and  B,  as  8  to  9;  and 
that  between  B  and  C,  as  15  to  16.  Thus  it  appears  that  the 
intervals  g,  ^,  g,  J,  and  ^,  ire  neariy  equal ;  and  they  are  there- 
fore regarded  as  whole  tones;  but  the  intervals  f  and  g  are  but 
little  more  than  half  eitiier  of  the  others,  and  hence  they  are 
named  semi-tones.  In  transposing  pieces  of  music  from  one  key 
to  another,  attention  must  be  paid  to  the  places  of  the  semi-tones, 
^  hence  the  principal  use  of  the  marks  called  flats  and  sharps ; 
the  effect  of  which  cannot  be  understood  without  some  practical 
lequaintance  with  music. 

48.  But  though  this  gamut  or  musical  scale  may  be  considered  as 
the  groundwork  of  all  existing  music,  it  must  be  admitted  that  it 
does  not  appear  to  have  been  always  known  or  adopted  in  its  pre- 
sent state,  but  to  have  formerly  consisted  of  those  notes  only 
which  are  separated  by  complete  intervals  or  whole  tones ;  for, 
in  the  old  Scotch  and  Irish  tunes,  the  semi-tones  are  wanting, 
and  hence  the  peculiar  effect  of  the  national  music  of  those 
nations.      And  it  has  been  stated  that  the  oldest  national  airs 

What  is  the  relative  number  of  vibralions  required  Co  prodoee  G  of 
^le  (liatonie  scale,  when  the  C  below  it  is  produced  by  a  number  taken  as 
unity  ? 

Vhiat  will  be  the  relative  lensths  of  string  in  the  two  cases  ? 

On  what  is  the  generally  received  musical  scale  apparently  founded  f 

Are  all  the  intervals  of  the  gamut  equal  ? 

State  the  actual  intervals  between  the  several  letters. 

Of  what  did  the  gamut  formerly  consist  ? 

What  notes  of  the  seale  are  wanting  in  the  muue  of  «e^Ti\  tAi&otAX 
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of  the  Orientals,  the  people  of  the  North  of  Europe,  and  even 
those  of  the  Italians,  exhibit  the  same  characteristic  omission  of 
the  notes  F  and  B,  thus  increasing  the  intervals  now  occupied  by 
the  semi-tones  in  the  receiTed  scale,  so  as  to  make  them  exceed 
whole  tones. 

49.  The  combination  of  notes  into  a  successive  series,  in  which 
one  musical  tone  or  sound  is  heard  at  a  time,  constitutes  melody 
or  air  in  music ;  while  the  synchronous  production  of  sounds,  or 
the  union  of  two  or  more  successions  of  musical  tones  is  requisite 

to  form  harmony  or  music  in  parts.  There  is  thus  a  radical  dis-  - 
tinction  to  be  made  between  melody  and  harmony,  sometimes  im-  ^ 
properly  confounded,  the  former  consisting  of  music  cimple  and  ^ 
unaccompanied,  and  the  latter  of  music  in  a  more  complex  and  "! 
artificial  form.  - 

50.  The  'construction  of  harmony  or  composition  of  accompani-  ^ 
ments  for  musical  airs  requires  an  ac(}uaintance  with  the  concords  "^i 
and  discords  of  the  scale  of  notes ;  in  order  that  the  composer  ^ 
may  know  how  to  introduce  them  in  such  a  manner  as  to  gratify  ^ 
the  ear  and  produce  the  highest  effect.  Next  to  the  octave,  the  '^ 
most  perfect  consonance  of  tones  is  that  produced  when  the  num-  '^ 
bers  of  the  vibrations  of  two  notes  are  in  the  ratio  of  3  to  3,  or  ^ 
when  the  lower  note  is  formed  by. a  string  or  other  sonorous  body  ** 
which  makes  but  2  vibrations,  while  the  string  forming  the  high-  !1 
er  nrte  makes  3  vibrations.  Such  a  concord  is  callecT  a  fifUi,  as  ^ 
S  in  the  preceding  table ;  C,  the  lower  note,  being  formed  by  a  ^ 
string  which  may  be  1  foot  in  length,  and  G,  the  fifth  note  above  '^ 
it,  by  a  similar  string  only  ^  of  a  foot  in  length.  5r 

51.  If  the  ratio  of  the  vibrations  be  as  5  to  4,  that  is,  if  the  low-  i^ 
er  note  makes  4  vibrations  in  the  same  time  that  the  higher  makes  ^ 
5,  the  concord  called  a  third  will  be -produced,  as  £.  When  the  '*^ 
ratio  of  the  vibrations  is  as  5  to  3,  the  lower  note  making  3  vi-  <S 
brations  while  the  higher  makes  5,  the  concord  called  a  sixth  will  ^ 
he  produced,  as  ^,  And  if  the  ratio  of  the  vibrations  be  as  4  to  3,  '^* 
the  lower  note  making  3  vibrations  while  the  higher  makes  4,  the  [^ 
interval  will  be  a  fourth,  as  J,  which  is  sometimes  reckoned  a  con-  ^ 
cord,  as  the  effect  in  harmony  is  not  unpleasing.  The  same  ob-  '>' 
servation  will  apply  to  the  minor  third,  in  which  the  ratio  is  that  '=-! 
of  5  to  6,  as  g;  and  the  minor  sixth,  in  which  the  ratio  is  as  5  to  8, 

as  ^,  the  lower  note  E  making  5  vibrations,  while  Ae  higher  C 
makes  8. 

52.  The  discords  are  the  second  and  seventh,  the  former  of 

What  conslitutes  melody  ?  ^ 

To  what  art  is  the  knowledge  of  musical  concords  and  discords  requi-   ^. 
site } 

Which  concurrence  of  notes  gives  next  to  the  octave  the  most  agreea- 
ble impression  ?  J- 

What  are  the   relative   numbers  of  vibrations  produced  by  strings 

yielding  the  concord  a^  fifths?  -v 

How  is  the /^'r// produced  ?     sixth?    fourth?  "* 

How  Hpe  the  minor  tfdrd  and  the  minor  sixth  respectivelv  produced  ?  -  -. 

WbicJi  tvro  sets  of  notes  toundiu|;  together  produce  the  dSfcordSi .'  -^ 
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which  pTodnced  by  two  notes  sounding  togrethcr,  the  interval  be- 
tween which  is  only  a  tone  or  a  semi-tone,  is  particularly  disa- 
^eable.  The  major  seventh  is  the  discord  produced  by  notes 
whose  vibrations  are  in  the  ratio  of  9  to  16,  as  g;  and  the  minor 
seventh  is  also  a  discord,  arising  from  notes  whose  vibrations  are 
in  the  ratio  of  8  to  15,  as  g :  hoth  these  are  sometimes  intro- 
duced. 

53.  The  absolute  number  of  vibrations  necessary  to  constitute 
any  given  tone  or  musical  note  can  hardly  be  determined  with  per- 
fect accuracy ;  for  the  tone  of  an  instrument  which  might  be  pre- 
sumed to  be  permanent,  as  a  bell  or  an  organ-pipe,  can  hardly  be 
supposed  to  be  unaffected  by  the  state  of  the  air ;  besides  which, 
there  may  be  other  circumstances  which  may  cause  occasional 
variation  m  the  number  of  the  sonorous  vibrations  even  of  a  bell. 
Nor  is  it  probable  that  the  vibrations  of  a  string  or  wire,  under  the 
same  circumstances  of  length,  diameter,  and  tension,  would  yield 
exactly  the  same  number  of  sonorous  vibrations,  in  different  states 
of  the  atmosphere,  and  under  different  degrees  of  temperature. 

54.  Hence  considerable  difficulties  would  attend  any  attempt  to 
ascertain  by  experiment  the  relations  between  sounds  or  tones,  and 
the  vibrations  of  the  sounding  bodies.  It  appears,  however,  from 
a  paper  in  the  Memoirs  of  the  Royal  Academy  of  Sciences  at  Ber- 
lin, 1823,  that  some  results  have  been  obtained,  as  the  fruit  of 
experimental  researches,  which  agree  as  nearly  as  could  be  ex- 
pected with  theoretical  estimates  previously  made,  and  which 
may  therefore  serve  as  the  basis  of  fature  calculations  of  the  num- 
bers of  sonorous  vibrations  corresponding  with  the  different  tones 
and  semi-tones  of  the  musical  scale. 

55.  The  tone  or  note  Tzhose  corresponding  vibrations  have  been 
made  the  particular  object  of  investigation  is  that  marked  A,  oc- 
cupying the  second  space  from  the  bottom  in  the  stave  distin- 
guished by  the  treble  clef,  being  the  note  produced  by  the  third 
string  of  the  violin,  and  a  sixth  above  middle  C  of  the  pianoforte. 
The  following  are  the  numbers  of  the  vibrations  or,  waves  in  a 
second  connected  with  the  liote  in  question,  as  deduced  from  ob- 
servations made  in  different  orchestras : 

Theatre  at  Berlin  ...  437.32 
Italian  Opera  at  Paris  -  .  424.17 
French  Opera  -  -  -  431.34 
Comic  Opera     ....    427.61 

56.  The  difference  between  these  numbers  serves  to  corrobo- 
rate the  remarks  already  made  on  the  difficulty  of  deciding  by  ex- 
periment the  absolute  number  of  vibrations  which  may  take  place 

HoW  are  the  AMJor  and  the  minor  teventh  seirerallj  prodnced  ? 

Is  it  certain  that  the  same  string  or  other  sonorous  body  always  yields 
under  apparently  similar  eireumstanees  the  same  number  of  vibrations  ? 

What  musical  note  has  been  the  object  of  particular  attention  in  expe- 
riments on  this  subject  ? 

Hoir  nemran  agreement  was  found  in  respect  tO  that  note  \iv  ^•e  ^>aK 
onbeatraa  at  which  it  wa»  examined  ? 
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when  the  perception  of  any  ^ven  tone  or  masical  sound  is  pro- 
duced. Still  the  results  obtained  are  valuable,  as,  by  comparins 
them  with  calculations  made  on  different  flpronnds,  measures  of 
the  ratios  of  sonorous  vibrations  may  b^  dedoced  which  seem  de- 
servinff  of  confidence. 

57.  The  number  426f  is  nearly  a  mean  between  those  derived   ,1 
from  the  observations  made  in  the  Parisian  orchestras ;  and  by    -'i 
adopting  it  as  that  of  the  number  of  sonorous  vibrations  corre- 
sponding to  the  note  A  formed  by  the  third  string  of  the  vidin 
when  open,  the  number  256  will  be  obtained  as  that  representing 
the  vibrations  connected  with  middle  C,  or  the  sixth  below  A. 
For  since  the  vibrations  of  A  are  to  those  of  C  as  5  to  3,  those  of 
the  former  being  42&f  in  a  second,  those  of  the  latter  must  be   \m 
356  ;  because,  as  5  :  42C| : :  3 :  256.     Now  this  last  number  being 
taken  to  represent  the  vibrations  corresponding  to  the  note  C| 
marked  in  music  by  the  tenor  clef,  the  octaves  in  the  descending   L. 
or  ascending  scale  will  be  denoted  by  numbers  which  are  so  many    b 
duplicate  multiples  of  unity.^  ib 

58.  When  an  extended  string  is  made  to  vibrate  by  striking  it  e 
or  drawing  across  it  a  violin-bow,  it  will  yield  a  tone  depending 
on  its  dimensions  and  tension ;  but  besides  this,  which  may  be 
called  the  fundamental  tone,  the  string  will,  when  the  vibration  is 
caused  by  striking  it,  emit  not  only  its  fundamental  or  proper  note, 
but  also  other  relative  tones,  especially  the  third  and  the  fiAh 
above  the  proper  note.  The  co-existence  of  these  relative  tones 
with  the  principal  one  depends  on  the  excitement  of  vibrations 
corresponaing  with  the  divisions  of  the  string  which  would  form 
the  principal  concords  to  the  fundamental  note.  When  the  string 
is  made  to  vibrate  by  means  of  a  violin-bow  the  sound  is  simple 
and  distinct,  arising  from  the  fundamental  tone  only. 

59.  If  a  single  string  of  a  harp  or  pianaforte  be  struck,  other 
strings  of  the  same  instrument  tuned  in  fifths  and  thirds  to  the 
former  will  be  thrown  into  the  state  of  sonorous  vibration,  and  as 
the  original  tone  becomes  weaker  the  relative  tones  or  sympathetic 
concords  will  be  more  distinctly  perceived.  The  effect  produced 
on  strings  by  the  vibration  of  other  strings  near  them,  tuned  so  as 
to  form  concords,  may  be  visibly  demonstrated  by  placing  small 
bits  of  paper  bent  in  the  form  of  the  letter  V  inverted  thus  a  on 
one  or  more  strings,  so  tuned  as  to  yield  tones  an  octave,  a  nfth, 

What  op4>n  strinff  of  the  violin  corresponds  to  the  note  in  qoertion  ? 

What  number  of  vibrations  may  we  assume  for  its  i*ate  of  vibration 
pep  second  ? 

What  will  be  the  number  for  middle  C  of  the  piano  ? 

How  many  times  can  we  divide  this  number  and  its  successive  quotients 
by  %  before  we  arrive  at  8,  the  lowest  number  of  vibrations  which  S»- 
vurt  found  to  produce  audible  sounds  ? 

Can  a  stringy  by  a  single  stroke  be  made  to  yield  more  than  a  single 
tout* ' 

Iliufiti-ate  this  position. 
''*~~~~ — ' — "^ —  ^ 

♦  See  Scale  of  OcUves,  qC  VhU  icirUQle^  No.  37. 


VIBRATING    PLATES.  251 

I  diird  above  a  particular  string ;  and,  on  causing  the  latter  to 
rate  strongly,  the  other  strings  will  suffer  corresponding  vibra- 
te, as  will  appear  from  the  bits  of  paper  falling  off.  Hence  sin- 
ar  effects  are  sometimes  produced  by  the  sympathetic  influence 
lonoroos  vibrations. 

O.  An  account  of  some  remarkable  experiments  illustrative  of 
subject  under  discussion  is  given  by  J.  B.  du  Hamel,  a 
neh  philosopher  of  the  seventeenth  century ;  which  are  the 
re  deserving  of  notice,  as  they  are  circumstantially  recorded. 
er  observing  that  a  glass  cup  or  goblet  may  be  broken  by  a 
I's  voice,  the  writer  adds,  **  First  of  all  it  is  necessary  that 
tone  which  the  glass  is  adapted  to  yield  should  be  ascertained 
ringing  it,  as  may  be  done  by  giving  it  a  slight  fillip  with  the 
Per ;  then,  the  voice  being  accommodated  to  that  tone  and  gra- 
iliy  augmented  in  loudness  and  raised  to  the  octave  above  the 
rinal  tone,  the  imperceptible  minute  particles  of  the  glass 
ken  by  reiterated  concussions  will  be  agitated  with  tremulous 
lalations,  which,  increasing  by  the  continued  operation  of  the 
icussions,  will  at  length  attain  such  force  that  the  glass  will 
in  pieces.  Some  caution  is  necessary  in  the  choice  of  a  glass, 
ich  should  be  quite  clean,  free  from  any  lines  or  flaws  on  the 
fiice,  and  capable  of  yielding  such  a  tone  when  struck,  as  the 
ee  of  the  individual  making  the  trial  can  easily  reach." 
»1.  Another  experiment  exhibited  at  the  same  time  or  place  is 
J  thus  described :  "  Two  glass  goblets  are  to  be  procured,  into 
ich  water  is  to  be  poured  to  the  depth  of  two  or  three  inches, 
I  they  must  then,  by  the  addition  of  more  water  to  one  or  the 
er  as  may  be  requisite,  be  made  to  yield  the  same  tone  when 
ick.    This  having  been  effected,  if  a  small  portion  of  bent  wire 

£  laced  across  the  edge  of  one  glass,  then  on  rubbing  the  edge 
e  other  lightly  with  a  wet  finger,  the  sonorous  vibrations  thus 
ited  will  be  communicated  to  the  glass  with  the  wire  on  its 
pe,  and  while  sound  is  produced  the  li^ht  fragment  of  the  wire 
1  be  seen  dancing  as  it  were  to  the  music  of  the  glasses."* 
>3.  The  sonorous  vibrations  of  plates  or  disks  formed  of  elastic 
ds,  as  ^lass  or  metal,  manr  be  traced  and  rendered  visible,  by 
:hods  pointed  out  by  Dr.  Cfhladni,  whose  researches  concerning 
doctnne  of  Acoustics  have  been  referred  to  elsewhere.  He 
ertained  that  sounds  might  be  elicited  from  plates  of  glass 

'n  what  does  the  effi'ct  prohably  depend  ? 

^hat  occurs  when  a  single  string  of^an  instrament  is  struck  ? 

[ow  may  ibis  be  roade  visible  ? 

V^hat  remarlcable  effects  of  sympathetic  vibration  were  obtained  by  Da 

n«l  ? 

I  what  manner  does  the  experiment  succeed  with  the  greateat  cer- 

n  what  manner  did  Chladni  operate  to  produce  musical  vibrations  in 
itie  plates  ? 

J.  B.  da  Hamel  Operam  Philosoph.,  t.  ii.  Norimb.  1681.  4to.  pp. 

,565. 
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ground  smooth  on  the  edget,  by  drawing  the  bow  of  a  vicdia  ovei 
any  partof  theedffeof  tuehaplate;  and  that  when 'sand  4iad  been 
prenoosly  strewed  oTer  the  surface  of  the  plate,  it  would  beeome 
arranged  in  certain  lines  according  to  the  manner  in  which  the 
plate  was  supported.  M.  Oersted,  who  repeated,  with  Tarions 
modifications,  the  experiments  of  Chladni,  ascribes  the  production 
of  lines  in  sand,  or  any  other  light  powder,  as  the  dust  of  lycopo: 
dium,  strewed  on  yibrating  plates,  to  eleetiiciUr.* 

63.  Mr.  Faraday  has  recently  proposed  a  diffiarent  explanation 
of  these  phenomena,  which  attriDutes  them  to  the  formation  of 
currents  in  the  air  surrounding  the  Tibrating  plate  which,  pro- 
ceeding from  the  more  fixed  to  the  agitated  parts  of  the  plate,  pass 
upwards  and  involve  in  their  vortex  any  light  particles  of  matter 
which  they  encounter.  He  showed  thst  the  current  of  air  could 
be  interrupted  by  walls  of  card,  when  the  light  particles  ^took 
different  directions.  He  observed  that  particbs  of  JieaTy^sab- 
stances,  as  sand,  went  to  the  lines  of  Test  becaase  the  eorrent  of 
air  was  too  weak  to  carry  them  in  its  coarse;  but  dmt  light  bodies, 
as  powder  of  lycopodium,  being  eaaily  afifocted  by  Uie  air  in  its 
motion,  passed  m  a  contranr  direction. 

64.  In  confirmation  of  thia  view  of  Ae  subjeot  Mr.  Faraday 
stated  that  when  plates  are  made  to  vibrate  ib  water  instead  oi 
air  the  effect  is  difforent,  particles  of  sand  being  theo  oanied  from 
the  quiescent  to  the  agitated  parts  of  the  plate,  aa  the  li|^ter  pai^ 
tides  were  in  air ;  and  also,  that  when  plates  are  made  to  vibrate 
in  a  vacuum,  even  the  lightest  partides  pass  to  the  lines  of  rest, 
there  being  no  current  of  air  to  sweep  them  in  the  opposite  direct 
tion.f 

65.  These  peculiar  figures  formed  on  vibrating  plates,  though 
apparently  resulting  from  simple  causes,  present  sometimes  singu- 
lar appearances.  The  arrangement  of  the  lines  of  sand,  or  other 
substances,  depends  on  the  manner  in  which  the  vibrating  plate 
is  supported,  and  the  point  at  which  the  violin-bow  is  struck  against 

^  its  border ;  as  also  on  the  form  of  the  plate,  and  other  cimumstan- 

'  ces  al  ready  noticed.    Some  idea  of  the  nature  of  these  figores  may 

be  derived  from  the  annexed  representation^ ;  the  first  toue  being 

produced  by  holding  a  square  plate  of  glass  with  a  pair  of  tongs 

in  the  centre,  and  passing  the  bow  over  the  middle  of  the  edge  at 

To  what  did  Oersted  attribute  Uie  formatioo ofnoiialUnn  id  CUadni's 
exwerimentH  ? 

How  did  Mr.  Faraday  eaphiin  tbem  ? 

What  occurs  when  plates  vibrate  in^vater  ? 

What  in  the  Taeuura  of  so  aii'-pamp  ? 

On  what  does  the  peculiar  arn^ngemeat  of  sand  on  the  vibrating  plate 
M|>|>ear  to  depend  ? 

Wh«t  art*an^rnent  of  lines  will  be  given  by  a  square  plate  held  by  the 
i->-iitr«r  and  rubbed  with  the  vtolin-bow  in  the  middle  of  one  edge  f 

*  Sfe  Nicholson's  Joui'iial  of  Natural  Philosophy.  8vo.  vol.x.  p.  256. 
t  Arcana  of  Soieoee,  183^  p.77  \  from  Journal,  edited  at  the  Royal 
tnautution. 
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itker  side ;  and  thS  other  arrangfements  depend  on  the  shape  of 
lie  plate  and  the  mode  of  striking  it. 


66.  It  is  in  consequence  of  the  resonances  or  sympathetic  propa* 
gation  of  sounds,  that  in  a  large  apartment,  tones  are  sometimes 
emitted  from  the  walls,  floor,  ceiling,  or  furniture ;  owing  to  the 
excitement  occasioned  by  the  tone  of  an  instrument  or  a  man*8 
Toice  acting  on  some  object  adapted  to  yield  a  tone  in  concord 
with  the  original  tone.  It  may  even  be  observed  that  one  part  of 
a  door  or  any  other  surface  will  be  thrown  into  the  state  of  sonor- 
ous vibration  by  one  sound,  and  another  by  a  different  sound  ;  and 
the  tremulous  motions  thus  produced  in  various  objects  may  be 
perceived  by  the  sense  of  touch. 

67.  The  ancient  Romans  were  well  acquainted  with  the  doctrine 
of  resonances,  and  availed  themselves  of  their  knowledge  in  order 
to  facilitate  the  propagation  of  sound  through  their  theatres.  The 
method  they  adopted  was  to  inclose  in  the  walls  of  those  build* 
ings  hollow  globular  vessels,  so  fixed  as  to  be  excited  into  sonor- 
ous vibration  by  the  voices  of  the  actors,  and  thus  add  considera- 
bly  to  their  effect. 

98.  Musical  instruments,  how  much  soever  they  may  differ  one 
from  another  as  to  the  mechanical  modes  by  means  of  which  they 
are  made  to  produce  soniferous  vibrations,  have  one  common  pro- 
perty, namely,  that  they  all  yield  the  same  tone  relatively  to  the 
numbers  of  their  vibrations.  Hence  the  term  concert  pitch,  or  the 
sound  of  a  fundamental  note  corresponding  to  a  certain  number  of 
vibrations  performed  in  a  given  time  by  the  sonorous  parts  of 
several  instruments  which  are  to  be  used  in  conjunction.  Differ- 
ent methods  are  adopted  by  musicians  for  obtaining  an  invariable 
tone,  from  which  they  may  compare  and  regulate  any  number  of 
instruments  to  be  used  in  concert ;  and  the  tone  of  this  note  being 
decided,  they  proceed  to  adjust  the  strings  of  violins,  violoncellos, 
and  other  such-like  instruments,  so  that  they  may  all  correspond 
with  each  other,  as  well  as  with  those  instruments  which  by  their 
construction  are  fitted  to  yield  permanent  tones.  7?his  operation 
is  called  tuning,  or  putting  instruments  in  tune. 

69.  Sometimes  the  fiindamental  tone  is  ascertained  by  means 

What  occasions  the  emission  of  tones  from  the  walls,  floors,  and  fur- 
niture of  an  apartment  ? 
What  advantage  was  taken  of  this  principle  by  the  ancient  Romans? 
What  common  property  have  all  musical  instruments  ? 
What  is  meant  by  the  term  concert  pitch  ? 

W^t  three  method*  are  employed  by  maueiantt  to  ^\  ^«  VoL^nsni^ 
tone,  or  eoneert  pitch  f 

Y 
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of  a  pitch-pipe,  whioh  eomists  of  a  tabe  eapaUe  of  bmog  laagthf 
eaed  or  ahorteiied  at  pleasure  by  the  introdnetloii  of  a  motMblt 
plugr ;  so  that  by  blowing  into  it  at  the  mondi-meee,  dther  of  the 
notes  of  the  gramut  may  be  prodaced.  Aaooier  inatnimeif  fir 
obtsdning  fixM  and  detennined  lones  is  the  numodiofd,*  whisl  j^ 
is  merely  a  string  or  wire  of  givea  length  and  diamolara  ^  ^"*m 
sion  of  which  may  be  regnlated  hj  eertain  weights  haogiiv  fto*  *' 
one  end,  while  the  body  of  the  string  passes  over  two  m^pB  cr 
.  other  solid  supports,  and  the  other  end  is  fiimly  seeand. 

70.  But  the  most  usaal  instrament  employed  by  mnsioiaas  si  If^ 
the  index  of  a  fundamental  tone  is,  that  stylea  the  toning^bifc.  It  f ^ 
is  a  steel  rod  curved  neailT  into  ^  figure  of  a  sogaMongSt  l#  Um 
haying  a  short  handle  fixed  to  the  eoiifez  side  of.  &  oarved  psdi  Ifg 
and  terminatiag  in  a  knob :  It  may  be  made  to  yield  iOQonMi 
▼ibrations,  if  it  be  held  by  the  handle  so  as  to  leaTO  the  pnap 
free,  and,  after  strildng  one  of  the  pcoogs  smartly  agaiiHt  tae  sv 
of  a  table  or  any  other  s(did  body,  setting  the  knob  agaiavt  m 
table.  The  sound  or  tone  emitted  must  deoebd  on  the  nimiiwi<s» 
of  the  rod  or  its  prongs :  those  that  are  usea  fiir  tuning  jiianofnrtet 
or  harpsichords  yielding  the  tone  called  middle  C ;  andf  otfier  ta» 
ing-fows  giving  the  sixth  shore  it,^  A,  the  note  wiiieh  ooji^fti 
be  produced  by  the  third  open  stringy  of  the  TioUn,  whenoe  As 
other  strings  of  that  instrument  are  aStiusted.'l' 

71.  Instruments  of  music  may  be  arran|pd  in  elaaaea«  aeeorfiig 
to  their  forms  or  modes  of  actum.  It  will  be  sufildent  hen  Is 
distinguish  them  into  stringed  instruments ;  pulsatory  instromesii 
including  bells,  drums,  &c. ;  those  in  which  sound  depend  on  the 
vibrations  of  elastic  rods,  hemispheres,  or  plates ;  and  wind  ia- 
stmments.  The  varieties  of  the  first  and  the  last  of  these  dasiei 
are  extremely  numerous ;  and  many  of  them  were  invented  at  a  veiy 
early  period.  It  has  been  questioned  which  of  the  two  may  bt 
justly  reckoned  the  most  ancient.  A  recent  ingenious  writer 
seems  inclined  to  decide  in  &vour  of  stringred  instruments.  Ha  || 
says,  ^The  lyre  or  harp  is  surely  as  ancient  as  any  instrument  oa   j^ 

>ireoord.    The  mytholo^st  ascribes  the  idea  of  producing  sound  by   \ 
the  vibration  of  a  string  to  Apollo ;  which  is  said  by  Ceasorinot 
to  have  sug^ted  itself  to  hun  on  his  hearing  the  twang  of  ihe 
,bow  of  his  sister  Diana.''^ 

73.  Among  the  principal  varieties  of  stringed  instruments  art 
•the  violin,  tenor,  violoncello,  and  double  bass,  in  all  which  tbs 

WhAt  is  the  oonstniotloti  of  the  roonoebord  ? 
Into  what  four  cIasms  are  masieal  instmmetits  dittinguishable  ? 
Which  classes  present  the  greatest  variety  ? 

On  what  eireamsUnce  in  the  action  of  strineed  instruments  does  the 
performer  chiefly  rely  for  the  extension  of  their  ranj^  of  notes  f 

•  Prom  the  Greek  Mivcf,  one ;  and  XopJn,  a  chord,  or  string. 

t  The  tttoine-forks  of  different  nations  give  different  tones  for  tlw 
same  letter.  A  London  and  a  Vienna  A  Ibik  have  lometimes  been  Ibiiad 
about  one-third  of  a  note  apart.— En. 

t  PhJloaopby  in  Sport  made  a«MM«  U«Me«Ml»ed&L  t8S9,  p.300L     . 
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re  gnritj  or  acuteness  of  the  tones  they  emit  depends  psurtl y 
9  tension  and  diameter  of  the  strings,  and  partly  on  their 
18,  which  are  regulated  by  stopping  them  in  certain  parts 
Bsively  by  the  application  of  the  fingers,  principally  near 
eck  oi  the  instrument,  while  the  stopped  or  open  string,  as 
happen,  is  made  to  vibrate  by  drawing  across  it  a  bow 
1  with  horsehair.  As  more  than  one  string  may  be  put  into 
tate  of  sonorous  vibration  at  one  time,  harmony  or  music 
rts,  as  well  as  melody,  may  be  elicited  from  the  violin  and 
s.r  instmments. 

In  the  hands  of  skilful  performers  the  violin  exhibits  unri- 
1  powers ;  as  those  who  have  witnessed  the  ma^cal  execu- 
»f  Paganini,  will  in  general  be  readily  disposed  to  admit. 
B  who  have  never  heard  him  may  acquire  some  faint  idea  of 
ctraordinary  skill,  from  the  circumstance  of  his  being  able  to 
tee  abundance  of  excellent  music  from  his  instrument,  afler 
tg  made  a  monochord  of  it,  by  taking  away  all  the  strings 
It  one. 

.  The  guitar  somewhat  resembles  the  violin  in  figure  and 
metion,  but  it  is  played  on  usually  by  twitching  the  strings 
fSbe  fin^TS,  and  a  variety  of  notes  may  be  produced  by  stop- 
the  stnn^  with  the  left  hand,  so  as  to  regulate  the  numbers 
eir  vibrations  and  consequent  tones. '  The  performer  gener- 
laes  the  guitar  to  furnish  an  accompaniment  to  the  voice :  its 
)r  alone  l^ing  inconsiderable.  The  harp  is  likewise  played 
ith  the  fingers,  but  its  strings  are  numerous  and  all  open, 
pianoforte  and  the  harpsichord  have  also  distinct  strings  for 
tone  and  semi-tone ;  and  like  the  harp  they  are  adapted  for 
erformance  of  music  in  parts ;  so  that  they  may  serve  either 
ilaying  sjrmphonies  or  other  pieces  of  music  wholly  instra- 
al,  or  for  accompaniments  to  the  voice. 
.  Pulsatory  instruments  of  music  display  considerable  varie- 
>f  form,  comprising  the  double  drum,  the  opposite  ends  of 
h  yield  different  tones  when  struck,  for  the  parchment  cover- 
ne  extremity  is,  by  regulating  its  relative  degree  of  tension, 
I  to  yield  a  sound  which  is  a  fifth  in  tone  different  from  that 
e  other  extremity ;  kettle-drums  consisting  of  copper  hemis- 
iSj  the  open  ends  of  which  are  covered  with  parchment,  and 
inch  drums  properly  tuned  bein?  used,  they  may  be  intro- 
1  instead  of  a  double  drum,  but  will  be  distinguished  by  a  po- 
lity of  intonation,  though  yielding  the  same  notes ;  the  tam- 
ne,  a  well-known  instrument,  resembling  in  principle  the 
>,ding ;  besides  some  others  of  a  similar  nature. 

uit  remarkable  fact  proves  the  power  of  the  violin  ? 
irhat  chief  circumstance  does  the  guitar  differ  from  the  violin  ? 
r  what  purpose  is  it  g;enerall3r  employed  P 

e  the  strings  of  the  harp,  pianotorte,  and  harpsichord  capable  of 
varied  in  tone  by  alteratioot  of  length  at  the  pleasure  of  the  per- 
.•r? 
amerate  aome  of  the  ehief  pulsatory  instrumeuU. 
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76«  Bells,  gongs,  &c.,  are  open  hemispheras,  or  conical  instm* 
ments  made  of  some  sonorous  metals :  tne  latter  of  which,  used 
in  China,  are  large  and  very  powerful  instruments.  Amon^  rs- 
cently-invented  musical  instruments  is  one  called  the  Harmomcon, 
constructed  hy  ranging  in  one  or  more  lines  a  number  of  small 
oblong  disks  of  fflass,  each  adapted,  by  its  vibrations  when  struck, 
to  yield  one  of  2ie  notes  of  the  gamut  or  common  musical  scaler 
including  two  or  more  octaves  according  to  the  siate  of  the  instm- 
ment:  the  disks  are  fixed  securely  at  one  end  only,  so  that  tbey 
vibrate  freelj  on  striking  them  with  a  hammer  much  like  the  ham- 
mers of  a  pianoforte. 

77.  Glass  hemispheres  or  bellnihaped  goblets,  fixed  in  afiama^ 
and  tuned  to  the  gamut,  by  ponrinff  in  inore  or  less  water,  £)» 
an  agreeable  instrument  of  music,  played  on  by  striking  the  edgv 
with  a  violin-bow,  or  by  being  thrown  into  the  stale  m  sonorous 
vibration  hj  ^ntly  touching  them  with  wet  fingers.  There  sis 
several  vaneties  of  these  instnupents,  which,  as  well  as  the  pro- 
ceding,  have  received  the  names  of  harmonica,  and,  harmook 
glasses. 

78.  Wind  instruments  display  no  le6»  variety  in  t)ieir  constrqo- 
tion  and  mode  of  action  than  stringed  instnunents ;  and  in  tiip, 
opinion  of  some  antiquaries  they  were  invented  at  a  more. remote 
period  than  the  latter.  The  general,  pripoiplei  thf>Y  involve  ip 
that  of  the  production  of.  sounds  by  the.  vibr^^on^.of  coloiims  of 
air,  usually  contained  in  tabes,  whose  relative  lenjgths  aqd  thofls. 
of  the  included  columns  determine  the  numbcsrs  of  the  synehronooi 
waves  or  vibrations  to  which  the  tones,  or  musioal  sounds  emittedi 
owe  their  character  as  to  gravity  or  acuteness. 

79.  Instruments  of  this  class  have  been  distributed  into  three 
kinds:  (1.)  those  in  which  the  contijui^.  column  of  air  is  made 
to  vibrate  by  blowing  forcibly  into  one  ^od  of  an  open  tube ;  (2.) 
those  in  which  the  vibration  of  the  air  is  caused  by  blowuig 
through  a  solid  mouth-piece,  at  one  end,  which  merely  limits  the 
size  and  figure  of  the  aperture,  and  thus  adds  to  the  force  with 
which  the  air  is  introduced  through  it ;  (3L)  wind  instnunents 
played  on  with  a  reed  or  very  elastic  mouth-piece,  the  primaij  vi- 
brations of  which  highly  augment  the  sonorous  vibrations  of  the 
column  of  air. 

80.  There  is  likewise  a  distinction  to  be  made  between  tubes 
open  at  both  ends,  without  any  lateral  apertures,  and  those  which 
nave  several  such  apertures,  the  obvious  effect  of  which  must  be 
to  lengthen  or  shorten  the  tube,  or  rather  the  column  of  air  in  it, 

« 

To  what  nntion  is  the  gong  chiefly  confined  ? 
^    How  are  harmonica  constructed  ? 

In  what  manner  may  the  tones  of  musical  glasses  he  Yaried  so  aa  to  tune 
an  instrument  constructed  of  them  } 

What  circumstance  determines  the  gravi^  or  acutcneas  of  tones  gireo 
by  tubes  in  wind  instruments? 

Into  how  many  and  what  classes  are  instruments  of  this  nature  diitin- 
gviihnbl9  ? 
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on  the  dimensions  of  which  the  sonorous  yibrations  and  coneokni* 
tant  sounds  must  denend. 

81.  Ambng;  the  first  mentioned  species  of  wind  instruments 
must  be  included  the  trumpet,  the  bugle-hom,  the  French-horn, 
Pan^s  pipes,  and  some  others,  which  however  they  may  differ  in 
fonn,  or  in  the  effect  of  the  tones  they  yield,  are  all  made  to  sound 
by  blowing  through  a  circular  aperture;  and  from  these  the  Ger- 
man flute  IS  distinguished  merely  by  haying  the  aperture  through 
which  air  is  admitted  in  the  side  of  the  tube,  while  the  end 
IS  closed.  To  the  second  species  of  instruments  belongs  the 
flagelet,  which  is  played  on  by  means  of  an  ivory  mouth-piece, 
having  an  aperture  of  invariable  dimensions.  The  third  species 
of  wind  instruments  comprehends  several  varieties,  some  having 
mouth-pieces  possessing  a  slight  degree  of  flexibility,  as  the  cla- 
rionet ;  others  are  played  on  with  a  reed,  forming  a  highly  flexi- 
ble mouth-piece,  as  the  hautboy  and  the  bassoon.  The  diversity 
of  sounds  produced  by  different  sets  of  or?an-pipes,  answerin?  to 
the  respective  stops  of  the  instrument,  depend  on  the  peculiar 
forms  of  the  pipes,  and  especially  on  the  manner  in  which  the 
air  is  admitted  into  them. 

82.  The  Jew's-harp,  an  instrument  too  generally  known  to  need 
description,  and  commonly  despised  as  utterly  insignificant  and 
inharmonious,  is  however  deserving  of  particular  notice,  not  only 
as  being  a  wind  instrument  affording  sounds  on  somewhat  diffe- 
rent principles  from  those  above  described,  but  likewise  because, 
in  the  hands  of  more  than  one  performer,  it  has  been  found  capa- 
ble of  producing  considerable  effect,  and  exciting  the  admiration 
of  musical  amateurs.  As  the  Jew's-harp  has  no  cavity  it  is  al* 
most  inaudible  when  struck,  till  it  is  placed  between  the  lips  and 
teeth  of  the  performer,  and  thus  the  sonorous  vibrations  on  which 
its  tones  depend  are  formed  in  the  mouth,  the  tongue  or  bent  wire 
belonging  to  the  instrument  acting  the  part  of  a  reed. 

83.  Three  tones  or  notes  only  can  be  produced  by  means  of  a 
single  harp ;  the  lowest  of  which  may  be  termed  its  Amdamental 
note,  and  the  others  are  its  principal  concords  the  third  and  fifth. 
From  a  scale  so  limited  it  would  be  impossible  to  derive  melody, 
much  less  harmony;  and  therefore  the  instrument  was  neglected 
by  regular  musicians,  though  commonly  used  among  the  peasantry 
in  many  parts  of  Europe,  and  particularly  in  the  Netherlands  ana 
in  the  Tyrol.  Some  kind  of  improvement  was  effected  by  the 
Tyrolese,  by  uniting  two  Jew's-harps,  or  using  two  at  once ;  and 
this  method  was  adopted  by  a  Prussian  soldier,  mentioned  in  the 
Memoirs  of  Madame  de  Gcnlis,  as  having  acquired  the  art  of  play- 

What  is  the  purpose  of  the  holes  usually  seen  in  instruments  of  thia 
sort  ?  * 

Give  examples  of  each  of  the  three  classes  of  wind  insti-nments. 

On  what  do  the  different  tones  of  organ-stops  depend  ? 

What  is  neceaaary  to  the  production  of.  sound  by  the  3c%'sp\».ty^- 

What  is  lis  range  of  scale,  and  what  the  notes  it  can  ac\A«\\^  ^K^^l 
If^'  whom  hua  it  been  exlcndetl  und  improved  ? 

y  3 
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in^  on  this  instrument  with  so  much  skill  and  taste  that  he  was  , 
heard  with  pleasure  and  surprise  hy  the  king,  Frederic  the  Great, 
who  possessed  considerahle  knowledge  of  music,  and  was  him- ' 
self  a  good  performer  on  the  Grerman  flute. 

84*  But  to  the  more  recent  labours  of  M.  Eulenstein  we  are  in- 
debted for  the  complete  developement  of  the  powers  of  this  little 
iustrument.  He  devoted  ten  years  to  the  study  of  its  capabilities, 
and  the  means  of  removing  its  defects ;  and  having  ascertained 
the  compass  of  tones  belonging  to  it,  as  stated  above,  he  conceiv-  [ 
ed  the  idea  of  extending  its  power,  and  supplying  ike  intervals 
wanting,  so  as  to  complete  the  gamut  through  several  octaves,  by 
joining  sixteen  Jew^s-harps,  and  then  tuning  them  by  fixing  more 
or  less  sealing-wax  at  the  extremity  of  the  tongue. '  By  means  of 
this  construction  he  effected  his  object,  as  by  rapidly  changing 
from  one  harp  to  another,  he  could  elicit  any  series  of  tones,  and 
perform  pieces  of  music,  in  a  manner  which  delighted  and  asto- 
nished those  who  heard  him. 

85.  It  appears  both  from  theory  and  experiment,  that  in  the  fim- 
damental  sound  of  a  tube  open  at  both  ends,  the  portions  of  the 
included  column  of  air  on  the  opposite  sides  of  the  centre  of  the 
tube  move  in  directions  contrary  to  each  other.  This  principle  is 
tngeniouslv  confirmed  and  illustrated  by  Mr.  Wheatstone,  in  a 
paper  leaa  before  the  Royal  Institution  of  London,  March  16, 
18S2 ;  when  he  exhibited  the  phenomenon  in  question,  by  means 
of  an  apparatus  consisting  of  a  leaden  tube  about  an  inch  in  dia- 
meter and  thirteen  inches  long,  bent  nearly  into  a  circle,  so  that 
its  two  extremities  might  be  opposite  to  each  other,  with  a  small 
space  between  them.  Within  this  space,  equidistant  from  eieich 
end  of  the  tube,  was  held  the  vibrating  part  of  a  square  plate  of 
glass  thrown  into  a  state  of  vibration,  either  by  means  of  a  violin- 
bow.  Of  a  hammer,  so  as  to  produce  its  lowest  sound,  or  that  de- 
noted by  Chladni's  first  figure.  By  this  arrangement,  the  plate 
advancing  in  its  vibration  towards  one  end  of  the  tube,  and  re- 
ceding at  the  same  instant  from  the  other,  the  effects  neutralize 
each  other,  and  no  resonance,  or  augmentation  of  the  original 
sound  takes  place.  In  the  middle  of  Uie  tube  was  a  joint,  which 
allowed  either  half  to  move  independently  round  the  axis  of  the 
tube ;  and  thus  the  two  ends  could  be  brought  to  the  opposite 
sides  of  portions  of  the  plate  which  were  vibrating  at  the  same 
moment  on  contrary  sides  of  the  neutral  plane :  in  this  case  the 
impulses  were  made  at  the  same  instant  towards  each  end  of  the 
tube,  and  the  augmentation  of  sound  was  considerable.*     Hence 

Wliat  remarkable  attention  has  been  bestowed  on  the  derelopement  of 
its  powers  ? 

How  did  Eulenstein  tune  his  instrument  ? 

What  appears  to  be  the  kind  of  motion  which  takes  place  in  the  co- 
lumn of  air  within  a  tube  open  at  both  ends  ? 

Describe  Wheatstone 's  method  of  exhibiting  this  principle. 

*  Repovt  of  Bk'i\\sV\  \ft9oe\ft.\\otv»Y«  ^^^, 
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it  appears  that  in  a  tube  or  pipe,  open  at  both  ends,  the  Yibratin^ 
colnmn  will  be  double,  and  therefore  only  half  the  length  of  that 
in  a  similar  tube  closed  at  one  end ;  so  that  the  latter  would  yield 
a  tone  an  octave  lower  than  the  former. 

86.  Mr.  Wheatstone  investigated  the  modes  of  vibration  of  co- 
lumns of  air  in  conical  tubes,  and  ascertained  that  the  air  in  a  tube 
of  this  form,  excited  into  vibration  at  its  closed  end,  or  at  the  sum- 
mit of  the  cone,  yielded  the  same  fundamental  sound,  and  the 
same  series  of  harmonics  as  a  cylindrical  tube  open  at  both  ends. 
Thus  he  showed  that  the  trumpet,  French-horn,  and  hautboy  pipes 
of  the  organ,  all  being  conical  pipes,  produced  the  same  sounds 
as  the  cremona  pipe,  a  cylindrical  tube,  excited  in  the  same  man- 
Ber,  and  only  half  theix  length.  He  likewise  compared  the  haut- 
boy, a  conical  tube,  with  the  clarionet,  a  cylindrical  tube  of  the 
same  length,*  and  demonstrated  that  in  the  former  the  fundamen- 
tal sounds  were  the  same,  absolutely  and  relatively,  as  in  the 
flute,  a  tube  of  the  same  length,  open  at  both  ends ;  and  that  in 
the  latter  the  fundamental  sounds  were  relatively  as  those  of  a 
tube  of  similar  length  closed  at  one  end. 

87.  A  tube  or  pipe,  the  upper  aperture  or  mouth-piece  of  which 
is  placed  close  to  ihe  lips,  as  in  the  case  of  the  trumpet,  French- 
horn,  or  clarionet,  is  to  be  considered  as  open  at  the  lower  end 
only ;  and  thus  its  tones  are  relatively  deeper  and  more  powerful 
tiian  those  of  the  German  flute  or  flagelet,  tubes  open  at  both  ends ; 
lor  the  aperture  through  which  the  flute  is  blown  or  made  to 
■aand,  is  not  covered  by  the  lips  of  the  performer;  and  though 
tiie  mouth-piece  of  the  flagelet  is  covered  in  playing  on  that  m- 
stroment,  it  is  reduced  to  the  state  of  a  tube  open  at  both  ends, 
in  consequence  of  its  having  a  lateral  aperture  near  the  upper  ex- 
tremity. 

88.  The  theory  of  musical  sounds  may  be  elucidated  from  the 
consideration  of  the  manner  in  which  tones  are  produced  from  the 
French-horn.  As  the  harmonics  or  concords  of  a  fundamental 
Bote  may  be  obtained  by  the  division  of  a  vibrating  string  into 
certain  proportions,  so  the  same  series  of  tones  may  be  formed  by 
the  spontaneous  division  and  subdivision  of  the  column  of  air  con- 
tained in  the  French-horn.  When  this  instrument  is  used  in  con- 
cert, it  must  always  be  adjusted  to  a  certain  length,  by  increasing 
or  diminishing  the  number  of  tiie  cranks,  or  circular  tubes  of  which 
it  is  composml ;  so  that  the  gravest  tone  it  will  yield  may  corre- 
spond with  the  key-note  or  fundamental  tone  of  the  piece  of  music 

To  what  result  did  his  investigation  lead  ? 

What  relation  has  the  tone  of  a  conical  to  that  of  a  cylindrical  tube  of 
the  same  length  ? 

How  is  a  tube  or  pipe  to  be  regarded  when  the  mouth-piece  fits  close 
to  the  lips  ? 

How  is  the  French-horn  adjusted  to  a  particular  concert-pitch  ? 

Which  of  its  notes  ought  to  be  adjusted  to  the  key-note  ? 


*  The  bell-Bhaped  pai-t  of  (he  clarionet  has  no  effect  oxv  \\.%  Vowe, 
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to  be  perfonned.  Sappoee  diis  tone  to  be  C,  if  Itai  fhm  bmy 
properly  e^jiuted,  is  blown  jgeiadr^  diie  note  wffl  be  bend;  a 
stronger  blast  will  double  the  munber  of  tiw  eoooniae  Tibiatet» 
and  produce  an  octave  abore  ttM  first  note ;  by  ineieesiiiff  thefiMee 
of  tbe  blast  may  be  obtdned  in  an  iseeading  series  sMfc^tfMn 
an  octaTe  abore  the  second  C ;  then  aHiird,  a  fillli«  and  an oetefs 
above  the  third  C ;  then  a  fborth  oetave,  indoding  neaify  sll  Ai 
tones  of  the  common  mnsieal  seals. 

89.  Thus  in  the  Fieneh-lioni,  the  eenaMMi  bngie-luxB,  wti 
other  instromentB  fiirmed  on  Hm  ssme  pbttfthadiisiiBBi  tosMsn 
prodaeed  by  varying  the  impnlse  gtven  to  tibe  inelnded  ooinmnflf 
air  in  blowing  uiem;  while  in  mdk  instransnts  ss  die  GenMS 
flute^  the  same  effect  is  more  perfeellT  obtained  by  atoering  ths 
length  of  the  vibrating  colnmn,  whidi  Is  done  v^th  the  neqiiiila 
ease  and  rapidity  by  the  anertaies  ahemaftsly  opeoad  and  elossi 
by  means  of  tlbe  fingers  or  keys. 

90.  Ilie  ^olian  hsrp;  in  point  of  eonstnetion,  is  a  striagBl 
instroment,  bat  its  sonorons  Tibialioos  an  osnsed  by  llie  inpajsi 
of  the  air ;  and  its  tones  may  be  dbsnetsrlisd  as  die  mnaie  of 
natare  improved  by  art  It  nsnsUr  eonaists  of  an  oUong  dssl 
box,  fonr  or  five  inches  hi|^,  and  adapted  to  tlie  aperture  ramef 
by  neariy  closing  a  sash  wmdoi^,  so  tiutt  the  enrrent  of  air  pasrisf 
flironfffa  the  opening  mar  sweep  over  wires  or  haiMtiiBgay  ef- 
tended  lengthwise  npon  die  top  of  die  host,  in  wbleb  tlwre  omt 
be  sonnd4ioles  like  those  of  a  vidtn,  and  tlie  wires  sane  to  Is 
supported  and  stretched  by  a  bridge  at  eidier  end.  Fonr  strinfi 
or  wires  may  be  tuned  so  that  the  diird  may  be  an  octavo  above 
the  first,  the  second  a  fifth  above  the  ihrst,  and  the  fourth  a  fifili 
above  the  second.  But  various  arrai^ements  may  be  adopted,  is 
consequence  of  any  of  which,  alternately  increasing  or  diminidH 
ing  strains  of  wild  harmony  will  be  elicited  from  ue  instrnmeBt 
by  tbe  fluctuating  impulse  of  the  wind. 

91.  A  colossal  imitation  of  die  instrument  just  described  was 
invented  at  Milan  in  1786,  by  the  Abbate  Gattoni.  ^e  stretched 
seven  strong  iron  wires,  tuned  to  the  notes  of  the  gamut,  fima 
the  top  of  a  tower  fifty  feet  high  to  the  house  of  a  Signer  Mos> 
cati,  who  was  interested  in  die  success  of  die  experiment;  sad 
this  apparatus,  called  the  Giant's  Hsrp,  in  blowing  westher, 
yielded  lengthened  peals  of  harmonious  music,  now  swelling  is 
loud  chorus,  and  seeming  to  fill  die  atmosphere,  then  dying  away 
on  the  breeze  like  the  soft  tremulous  murmure  of  a  common  iBo- 
Han  harp.  •  In  a  storm  this  aerial  music  was  sometimes  heard  at 
the  distance  of  several  miles. 

What  will  enable  the  performer  to  increase  the  acateoess  of  the  tone 
to  an  oetave  ? 

In  what  manner  does  the  mode  of  varying  the'  aeutenest  c^  aound  in 
the  common  bagle  differ  from  that  in  the  German  flote  ? 

What  is  the  common  construction  and  mode  of  Applying  the  JEoUss 
harp  ? 

WhMt  seeoont  is  given  of  a  remarkahle  Inttroment  of  fSkU  eoDStrns* 
i/oar 


VIBRATIONS  OF   INSECTS.  201 

92.  The  music  of  nature  exhibits  boundless  varie^  as  to  the 
combinations  of  tones  and  the  several  modes  in  which  they  are 
produced.  But  besides  the  warbling  of  the  feathered  choir  and 
abundance  of  other  vocal  sounds  with  which  we  are  familiarly 
acquainted,  there  are  some  which  are  constantly  emitted  under 
certain  circumstances,  yet,  ^ough  curious  and  mteresting,  they 
seldom  attract  our  notice. 

93.  Bees,  gnats,  and  many  other  winged  insects  in  their  pas- 
sage through  air  excite  sonorous  vibrations  by  the  viewless 
flutterings  of  their  wings  or  other  membranous  parts  of  their 
structure.  The  intermitting  note  of  the  grasshopper  is  probably 
the  residt  of  a  similar  mechanism ;  but  some  insects  of  tnis  tribe 
seem  to  be  fiimished  with  a  peculiar  organization  for  the  pro- 
duction of  their  music. 

94.  Dr.  Hildreth  states  that  the  American  Cicadse,  or  locusts, 
are  tonished  with  bagpipes  on  which  they  play  a  variety  of  note?. 
'*"When  any  one  passes  they  make  a  great  noise  and  screaming 
wit)ii  their  aix-bladdjer  or  bagpipes.  These  bags  are  placed  under 
and  ratlier  behind  the  wings,  m  the  axilla,  and  something  in  the 
xhfuiner  of  usiQg  the  bagpipes,  with  the  bags  under  the  arms.  I 
could  compare  them  to  nothing  else;  and  indeed  I  suspect  the 
first  inventor  of  the  instrument  borrowed  his  ideas  from  some  in- 
sect of  this  kinjd.  They. play  a  variety  of  notes  and  sounds,  one 
of  which  nearlj  imitates  the  scream  of  the  tree-toad." 

95.  Some  buds  yield  musical  tones  through  the  percussion  of 
the  air  by.  their  wings  in  flijo^ht.  This  circumstance,  which  per- 
haps has  escaped  the  attention  of  naturalists,  is  particularly  ob- 
servable in  the  lapwing,  or  as  it  is  sometimes  called  from  its  cry, 
the  pewit.  This  oird  is  an  inhabitant  of  the  furze-clad  downs  of 
Wiltshire;  and  when  it  stoops  near  the  ground,  in  its  circling 
course  through  the  air,  as  it  approaches  the  observer,  a  sound  may 
be  Heard  resembling,  the  distant  tone  of  a.  French-horn,  entirely, 
distinct  from  the  dissyllabic  scream  from  which  it  derives  its 
provincial  name ;  and  which  is  formed  like  the  cries  of  other  ani- 
mals in  the  throat  or  larynx.  The  peculiar  clanging  tone  first 
mentioned  seemed,  as  far  as  could  be  guessed  from  repeated  ob- 
servations, to  be  nearly  the  same  note  with  the  middle  C  of  the 
harpsichord.  It  is  manifestly  caused  by  the  reverberation  of  the 
air  against  the  hollow  sides  of  the  broad  wings  of  the  bird  in  its 
rapid  wheeling  flight;  and  it  is  heard  only  when  it  happens  to 
come  very  near  the  observer.* 

How  are  winged  insects  generally  found  to  produee  sound  t 
MTow  is  the  American  locust  furni  bed  with  musical  instruments  ? 
Bj  what  means  other  than  the  voice  are  birds  sometimes  found  to  give 
musical  tones  ? 

^  The  eofqmoi^  night-hawk  affords,  a  familiar  illustration  of  the  effect 
of  rapid  stooping  through  the  air,  producing  the  "  bo(h-oo**  often  heard  oo 
a  warm  summer  eveqingrd — £1^ 


96.  Among  the  moot  enrioiis  woika  of  utaitti  imat  bo  nek- 
oned  the  organizalioii  on  which  dqiand  the  tones  of  the  hxqiiu 
Toice.  The  most  ancient  phynologisti  legnded  the  tisehes  ok 
windpipe  as  the  immediate  organ  of  soond*  oompsring  it  lo  a  flntOi 
and  ascribing  the  Toice  to  the  impolae  of  ak  against  its  sides  is 
its  passaoe  mto  the  Innga.  But  Qalea  eoDtroTsrted  this  eno- 
neoos  opinion,  by  showing  thst  the  Toios  is  finned  during  the 
expiration  of  air,  or  its  passsffe  hum  the  Inngs,  and  in  its  es- 
cape from  tiie  larynx,  at  the  naek  of  the  month.  Besides  the 
lungs,  which  prc^l  air  in  the  ssme  manner  as  it  is  propelled  by 
a  bellows  into  the  pipes  of  sn  orgsn,  the  parts  essonfial  to  the 
production  of  voad  mtmA  are  the  trachea  or  windpipst  llie  larynx, 
snd  its  appendages. 

97.  The  wmdpipe,  as  the  term  implies,  is  merely  a  csrtilaci- 
nous  canal  throngli  whidi  the  air  issues  from-  the  Inngs;  tte 
larynx  is  an  enluged  continuation  of  the  winMpOy  foimed,  like 
it,  of  cartilage  (ht  gristle,  membrane  and  mnme;  bat  it  is  moie 
complicatedr  terminating  above  in  two  lateral  membranes,  whidi 
approach  near  together,  lesTing  oidjy  an  oblong  narrow  openingi 
called  the  glottis.  The  cartilages  ofthe  Isiynx  sdmitting  of  sosois 
degree  of  motion  b^r  means  of  their  attaehed  mnsdee,  ue  mflSB* 
branes  of  the  glotus,  which  sre  connected  widi  tibem,  may  be 
extended  or  slackened,  and  thus  the  Tifarstions  of  the  air  passii^ 
through  the  glottis,  are  regulated,  and  sounds  are  modified  as  to 
tone.  Tendinous  cords  or  ligaments  sre  also  extended  within 
the  larynx,  which  are  supposed  by  some  physiolojgrists  to  co- 
operate wiUi  the  membranes  of  the  glottis  in  producing  sonoroof 
vibrations. 

98.  The  glottis,  or  rather  the  membranes  which  compose  it| 
thus  appeara  to  form  the  immediate  organ  of  sound ;  which  has 
been  aptly  enou^  compared  to  the  reed^of  a  hautboy,  since  c  ia 
composed  of  thin  vibrating  plates,  with  a  narrow  variable  ope  Sag 
between  them.  But  the  surpassing  delicacy  of  the  organisatioB 
in  the  construction  of  the  glottis  abundantly  demonstrates  Ae 
superiority  of  the  works  of  nature  over  the  most  elaborate  ^orts 
of  art.  Dodart,  a  French  physician,  who,  in  the  beginning  of  Uie 
last  century,  investigated  the  structure  of  the  vocal  organs,  made 
a  calculation  whence  he  inferred  that  the  intervals  of  sound  capa- 
ble of  being  perceived  by  the  ear  correspond  to  contractions  of 
the  glottis  less  than  1-9633  part  of  its  diameter.  It  is  probabto, 
however,  that  the  diveraity  of  tones  is  caused  not  merely  by  alte- 

What  part  of  the  omni  of  ipeeeh  did  the  aneienU  regard  as  the  ioi- 
mediate  eause  of  soand  ? 

Who  controTerted  thii  opinion,  and  on  what  ground  ? 

What,  besides  the  windpipe,  is  essential  to  the  prodaetion  of  voeal  n^ 
teranee  r 

What  is  meant  by  the  larynx P  what,  by  iStmghni%f 

HTuit  o/Bee  does  the  gloint  appear  tn  ^«K<QKm{ 
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rations  in  the  dimensions  of  the  glottis,  but  is  partly  dependant  on 
the  lengthening  or  shortening  of  the  entire  tube  of  the  trachea,  in- 
cluding the  larynx,  and  by  corresponding  alterations  in  the  form 
md  size  of  the  cavity  of  the  mouth.  Yet  the  power  of  varying 
the  tones  of  the  voice  in  singing  must  depend  chiefly  on  the  sus- 
septibility  of  the  membranes  of  the  glottis,  the  firmness  and  elas- 
ticity of  the  cartilages  of  the  larynx,  and  the  strength  of  the  mus- 
cles by  which  the^  are  moved,  and  that  of  the  muscles  of  the  chest 
concerned  in  respiration. 

99.  That  the  sound  of  the  voice  wholly  arises  from  the  pas- 
sage of  air  from  the  lun^  through  the  fflottis,  is  proved  by  the 
(act  that  when  the  windpipe  is  wounded  below  the  glottis  so  that 
the  air  in  expiration  passes  through  the  wound,  the  power  of 
forming  sounds  is  destroyed ;  while  a  wound  in  the  throat  which 
leaves  the  glottis  and  parts  below  it  uninjured,  produces  but  little 
effect  on  the  voice ;  and  if  a  piece  be  cut  out  of  the  windpipe  of  a 
man  or  any  animal  similarly  constituted,  the  power  oif  uttering 
sounds  of  which  he  is  thus  deprived  will  be  restored  by  carefully 
closing  the  artificial  opening  in  the  windpipe,  so  that  the  air  no 
longer  escaping  by  it,  may  pass  through  the  glottis  as  usual. 
Hence  those  unfortunate  persons  who  cut  their  own  throats  so  as 
to  wound  the  windpipe  but  not  the  large  blood-vessels,  imme- 
diately breathe  through  the  wound  and  become  silent,  but  as  soon 
as  the  wound  is  dressed  and  the  air  no  longer  passes  through  it, 
the  power  of  speaking  is  restored. 

100.  The  tracheal  canal,  including  the  larynx,  may  even  be 
entirely  detached  from  the  animal  to  which  it  belongs  with- 
ont  losing  its  property  as  a  vocal  instrument.  The  ceHebrated 
naturalist  Cuvier,  having  cut  off*  the  head  of  a  screaming  bird  so 
as  to  leave  the  glottis  and  parts  below  it  entire,  the  creature  still 
uttered  cries  for  some  time  after  its  decapitation,  the  organ  of 
voice  remaining  uninjured.  An  animal  recently  dead  may  be 
made  to  utter  sounds  as  when  living,  as  appears  from  experi- 
ments made  by  M.  Ferrein,  in  1741,  and  repeated  by  M.  Biot,  a 
few  years  since.  The  latter  gentleman  employed  in  his  researches 
the  larynx  of  a  pig,  with  the  trachea  attached  to  it,  and  to  the 
opening  of  the  latter,  he  fitted  the  bellows  of  an  organ,  and  by 
Yuyinff  pressure  on  the  larynx  with  his  hand  he  could  increase 
or  dimmish  the  aperture  of  the  glottis  while  forcing  the  air  through 
it,  so  as  to  imitate  exactly  the  grunting  of  the  pig.  The  same 
philosopher  subsequently  constructed  an  artificial  glottis,  the 
lamina,  or  membranous  plates  forming  the  opening  being  made 


On  what  operations  besides  the  enlargement  and  eontraetion  of  the 
glottis  is  varie^  of  tone  supposed  to  depend  ? 

What  direct  proof  have  we  that  the  voice  is  formed  at  the  glottis  ? 

What  experiment  did  the  celebrated  naturalist  Cuvier  institute  on  this 
nbjeet  ? 

Uk  what  manner  did  Biot' imitate  the  voice  of  the  living  ai\\tM\^ 
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of  ^m  elastic ;  and  having  adapted  it  to  &e  pipe  of  a  pair  of  bel- 
lows, he  was  thus  enabled  to  prodnoe  Tocal  sounds.* 

101.  The  aperture  of  the  glottis  is  natarslly  more  contracted  k 
females  and  m  males  before  the  affs  of  puberty,  than  in  adult 
males ;  and  ^erefore,  women  and  diildren  hate  shriller  Toiees 
than  men,  the  difference  of  tone  conmionly  Unoanting  to  about 
an  octave.  The  entire  compass  of  v^ce  in  ibtnsJe  singers  is  nsi- 
ally  more  extensive  than  in  men;  for  thouefa  their  scfie  of  mui- 
cal  sounds  commences  at  a  relatively  high  tone,  it  ascends  yet 
higher  in  proportion. 

102.  The  human  voice  may  be  so  ihodttlated  as  to  form  a  vast 
variety  of  musical  sounds  or  tones  widi  rapidity  and  precision  ftr 
beyond  the  effect  of  any  instrument  formed  by  art ;  fi^  ro^  mu- 
sic, on  account  of  its  superiority  over  instrumental  music,  in  point 
of  expression,  must  always  be  regarded  as  die  highest  excellence 
of  the  art.  But  the  vocal  organs  not  only  afford  tones  or  sounds 
distinguished  by  relative  gravity  or  aonleness,  but  also  modifica- 
tions of  sound,  forming  the  basis  of  lanjifnage ;  and  to  the  posses- 
sion of  the  faculty  of  speech,  and  the  mterqhange  of  Toesl  and 
audible  signs,  man  is  greatly  indebted  for  his  snj^rioiity  over  tbe 
brute  creation. 

103.  It  is  during  the  transmission  of  the  sonorous  vibratioBt 
through  the  mouth  that  the  peculiar  effect  is  product  which  com- 
municates to  the  ear  the  sounds  of  letters  and  words,  constitutiag 
language.  The  most  simple  of  these  articulate  sounds  are  those 
correspon<\^n?  with  the  vowels,  the  differences  between  which 
depend  on  emargin?  or  contracting  the  cavity  of  the  mouth  while 
they  are  uttered.  The  consonants,  which,  it  hardly  need  be  ob- 
served, cannot  be  enunciated  witiioiit  the  addition  of  a  vowel, 
require  more  complicated  motions  of  the  parts  of  the  mouth ;  and 
hence  some  of  them  are  called  gutturals,  as  being  formed  in  the 
back  part  of  the  mouth;  some  dentals,  as  requiring  the  application 
of  the  tongue  to  the  teeth ;  and  others  labials,  because  they  cannot 
be  distinctly  pronounced  without  movinsr  the  lips. 

104.  The  success  of  the  researches  of  men  of  science  concern- 
ing the  theory  of  vocal  intonation  has  occasioned  different  attempts 
to  produce  speaking  machines,  the  operation  of  which  should  de- 
pend wholly  on  mechanism.  In  1779,  a  prize  was  offered  by  the 
Academy  of  Sciences  at  St.  Petersburg,  for  the  best  dissertation 
on  the  theory  of  vowel  sounds,  illustrated  by  actual  experiments; 
and  it  was  awarded  to  G.  R.  Kratzenstein,  an  account  of  whose 

How  is  the  opening  of  tlie  glottis  in  females  compared  with  that  in 
males  ?  ^  To  what  amount  do  thev  generally  differ  ? 

How  is  the  human  voice,  in  pomt  of  variety  and  rapidity  of  execatioa, 
compared  with  musical  instruments  ? 

On  what  condition  of  the  vocal  organs  do  the  different  vowel  soaodi 
depend  ?  On  what  three  parts  of  the  mouth  are  the  consonant  sounds  of 
langunge  mainly  dependent? 

•  V.  Siniud  de  la  Fond  Elem.  de  Phyt.,  voL  ill.  p.  551 1  Teyssedr« 
EJem.  de  Phyt.,  p.  214.  r  i       / 
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MBeucbes  was  published  in  the  Transactions  of  the  Academy. 
Thia  igenioos  philoaopher  showed  that  the  sounds  of  the  fooi 
Towels,  A,  E,  O,  tmd  (J,  might  be  obtained  if  blowing  throii|(h 
1  leed  into  several  tubes,  the  fonna  of  which  aie  represented  in 
the  annexed  'figures  1,  3,  3,  and  4  ;  and  that  ^e  soand  of  I,  as 
pronounced  by  the  French  and  other  continental  nations  was  pf»- 
dnced  by  blowing  at  a,  into  the  pipe  No,  5,  without  using  a  reed. 
Kratienalein  continnsd  his  investigations,  but  probably  he  did  not 
obtsJii  reaults  of  greater  importance,  as  he  never  published  any 
farther  account  ot  the  progress  of  hii  inquiries. 


105.  M.  Kempelen,  of  Vienna,  who  distinguished  himself  by 
the  constructioii  of  an  automaton  chess-player,  which  has  excited 
much  attention,  also  devoted  his  ingenuity  to  the  contrivance  of  a 
speaking  machine.  He  succeeded  so  far  as  to  produce  an  instrn- 
rnent  capable  of  ntlerine  cert^n  words  and  short  phrases  ia  French 
and  Latin.  The  sounds  appear  to  have  been  produced  by  means 
of  B  single  cavity,  the  form  and  dimensions  of  which  might  be 
modified  at  "pleasure.  It  has  been  described  as  consisting  of  a 
box,  about  three  feet  long,  placed  on  a  table  and  covered  with  a 
cloth,  under  which  the  operator  inezhibiling  its  powers  introduced 
both  his  bands,  one  of  which  probably  was  employed  in  pressing 
on  keys  which  might  communicate  with  pipes  after  the  manner 
of  those  of  an  organ.  This  machine  was  only  shown  to  the  pri- 
vate friends  of  the  inventor,  and  it  does  not  appear  that  it  was  ever 
completed.* 

106.  A  gentleman  of  Cambridge,  England,  has  more  recently 

trosecuted  experiments  on  the  formation  of  articulate  sounds ;  and 
aving  adopted  the  method  of  Keropelen,  in  using  a  single  cavity, 
he  found  that  by  blowing  through  a  reed  into  a  conical  cavity  the 
towel  sounds  could  be  produced  by  altering  the  dimensions  of  the 
aperture  for  the  passage  of  air  from  the  cavity  by  means  of  a 
slid ing  board.  He  also  found  that  when  cylindrical  tubes,  the 
length  of  which  could  be  varied  by  sliding  Joints,  were  adapted 
to  me  reed,  the  seriet  of  vowels  could  be  produced  by  gradually 
lengthening  the  tube;  and  when  its  length  was  augmented  in  a 

Gi»e  lome  ■cHOnni  of  Kntzenilein'i  voeal  pipeo. 

To  vhyi  Hicnl  did  Kempeleti,  the  inventor  of  Maeliera  ■utomalSB 
cbn*-p1>«er,  carry  Ilie  imitition  or  human  tpeceh  > 

or  wliiil  did  hi)  ipeiking  nuchina  Mniiit  f 

•  SecNiGholion'iBritiihBiiajaiopKdii,  aiL  Axdbotbu  ^  BT«ir«M 
Ketahorfb  Ene/clopmlit,  «rL  AuroK^TOH. 


266  ACOVSTlCfS. 

eertain  proportion  the  same  yowels  were  repeated  bat  ill  interted 
order;  uid  by  a  further  augmentation  of  the  length  of  the  pipe,  a 
second  repetition  of  the  vowels  took  place  in  direct  order. 

107.  The  degree  of  accuracy  with  which  some  birds,  and  espe- 
cially parrots  imitate  the  human  voice,  depends  more  on  their 
propensity  to  mimic  the  sounds  they  hear  tnan  on  any  pecaliar 
qualificaUons  they  possess  for  giving  utterance  to  articulate  tones ; 
and  therefore  many  other  animals,  beasts*  as  well  as  birds, 
might  be  taught  to  speak  by  any  one  who  was  disposed  to  bestow 
sufficient  time  and  labour  on  such  a  task.  Pliny  the  Elder  men- 
tions certain  nightingales,  which  spoke  Latin  and  Greek;*  but,  as 
the  authority  of  that  ancient  writer  may  be  considered  as  some- 
what dubious,  it  will  be  more  to  the  purpose  to  observe,  that 
Father  Pardies,  a  learned  Jesuit,  gravely  asserts  that  dogs  had 
been  taught  music,  and  that  one  of  them  was  so  apt  a  scholar, 
that  he  could  sing  a  duet  with  his  master.  The  celebrated  phi- 
losopher Leibnitz  has  given  an  account  of  a  dog  which  he  saw 
and  heard  speak,  after  it  had  been  under  tuition  three  years.  Thia 
animal  could  pronounce  thirty  words,  such  as  teoy  coffet^  chocolaie ; 
and  he  merely  repeated  them  after  hearing  them  from  his  master.f 

ReJUction  of  Sound, 

108.  When  sonorous  vibrations  are  propagated  through  a  viass 
of  matter  of  great  extent,  and  of  uniform  density  and  elasticity, 
as  when  they  are  continued  uninterruptedly  through  the  open 
air,  the  sounds  will  be  heard  alike  in  every  direction,  and  become 
dissipated  or  lost  in  the  surrounding  space.  But  if  they  impinge 
on  some  obstacle  which  interrupts  their  progress,  they  will  be 
driven  back  or  reflected ;  and  thus  a  wall,  the  face  of  a  rocky  clifif, 
the  surface  of  water,  or  even  a  dense  body  of  vapour,  may  cause 
the  reverberation  of  sound. 

109.  T^e  reflection  of  sound  takes  place  ac- 
cording to  the  same  laws  that  govern  the  re- 
flection of  perfectly  elastic  solids.  Hence  the 
sonorous  vibrations  being  propagated  in  right 
lines,  the  angle  of  reflection  is  always  equal 
to  the  angle  of  incidence.  Thus  suppose  a 
sound  to  be  emitted  from  A'  in  the  annexed 
figure,  and  to  impinge  on  a  dense  plane,  £  B  , 
F  at  B,  it  will  return  in  the  same  line  B  A,  and  ; 
the  reflected  sound  will  be  heard  at  A  after  the    . 

Wraii  was  foand  to  be  (he  effect  on  the  vowel  sounds  of  lengtkenins 
iipeaking  tubes  ?  On  what  is  the  imitative  faeultr  of  parrots  dependent? 
What  is  asserted  by  Pliny  in  regard  to  nightingales  ?  What  statennents 
are  mentioned  of  this  power  in  quadrupeds  r  What  is  meant  by  the 
reflection  of  sound  ?    According  to  what  laws  does  it  take  place  F  ^ 

*  Plinii  Histor.  Natur.,  lib.x.  cap.  42. 

f  Histoire  Critique  de  I'Ame  des  Betes.  Arasterd.    1749.  t.  ti.  p.  50. 
JEle  ia  Connoissaoce  del  Betes,  p.  \9d.  \iWuAc«  de  VAeademie  de»  Sci-    i 
eacea.  An,  iri5.  p.  3w  ' 
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origltial  sotind,  consiitating  what  is  termed  an  echo.*  If,  however, 
^e  scmnd  be  emitted  from  D,  so  that  the  line  of  its  direction  maj 
form  an  oblique  angle  with  the  plane  £  F,  it  will  be  reflected  from 
B  in  the  line  B  C,  forming  a  similar  oblique  angle  with  the  plane 
E  F.  TTie  Telocity  of  the  reflected  sound  is  precisely  the  same 
with  that  of  the  direct  sotind ;  therefore  the  sonnd  will  be  returned 
from  B  to  C  in  the  same  time  that  it  passes  from  D  to  B.  Hence 
the  sound  uttered  at  D  will  be  heard  by  a  person  stationed  at  C  at 
the  end  of  a  period  double  that  which  it  takes  to  pass  from  D  to 
B.  So  that  as  sonnd  trayels  at  the  rate  of  1130  feet  in  a  second, 
if  the  distance  from  D  to  B  should  be  282^  feet,  the  echo  will  be 
heard  at  C  in  half  a  second,  for  in  that  time  the  sonnd  wonld  be 
conyeyed  S83|  X  3  «  565  feet. 

110.  It  is  requisite  that  the  reflecting  body  should  be  situated 
at  such  a  distance  from  the  source  of  sound  that  the  interval  be- 
tween the  perception  of  the  original  and  the  reflected  sounds  may 
be  sufficient  to  prevent  them  from  being  blended  together.  When 
they  become  thus  combined  the  effect  is  termed  a  resonance,  and 
not  an  echo.  The  shortest  interval  sufficient  to  render  sounds 
distinctly  appreciable  by  the  ear  is  about  1-10  of  a  second; 
therefore  when  sounds  follow  at  shorter  intervals  they  will  form  a 
resonance  instead  of  an  echo.  So  that  no  reflecting  surface  will 
produce  a  distinct  echo  unless  its  distance  flrom  the  spot  whence 
the  sound  proceeds  should  be  at  least  56^  feet,  as  the  sound  will 
in  its  progress  forward  and  return  through  double  that  distance, 
113  feet,  take  up  1-10  of  a  second.  Resonances,  or  combinations 
of  direct  and  reflected  sounds  are  heard  more  or  less  in  all  inclosed 
places  of  moderate  extent ;  and  as  they  occasion  some  degree  of 
confusion  in  the  perception  of  sound,  inconvenience  arises  from 
this  source  in  rooms  appropriated  to  ihe  purposes  of  oratory,  'the 
voice  of  a  speaker  being  heard  but  indistinctly,  especially  in  some 
situations ;  but  in  a  concert-room  such  resonances  are  rather  ad- 
vantageous, at  least  they  would  add  to  the  effect  of  instrumental 
music. 

111.  Some  echoes  will  repeat  but  one  syllable  or  distinct  sound, 
while  others  will  repeat  several  in  succession.  Hence  the  dis- 
tinction of  monosyllabic  and  polysyllabic  echoes.    As  it  would 

Conttnict  and  explain  the  diagram  relating  to  this  subject  ? 

What  ia  meant  br  the  angle  of  incidenee  of  Mond  f 

What  hj  the  angle  of  reflection  ? 

What  is  the  relation  of  those  angles  to  each  other? 

What  are  the  comparative  velocities  of  original  and  of  reflected  sound  ? 

What  name  is  given  to  the  intermingling  of  original  and  reflected 
■oand  ? 

How  far  must  a  reflecting  surface  be  placed  from  the  source  of  sound, 
in  order  that  an  echo  should  be  distinctly  heard  ? 

What  disadvantage  is  occasioned  by  reaonance? 

In  what  cases  may  it  be  found  beneficial  ? 

What  distinction  has  been  made  between  echoes  ? 

■■       ■  ■         I        I  ■  ■     ■  ,        , ., 

•  From  the  Greek  'hx-,  t  refleeted  «mmiA. 
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be  impoMible  to  nonoonoe  more  than  ten  syllables  in  a  second  Intel* 
ligibly,  it  must  follow,  that  if  the  reflecting  body  causing  an  echo 
should  be  so  near  the  speaker  as  to  return  his  yoice  in  1-10  of  a  se- 
cond, the  last  syllable  only  of  a  word  uttered  would  be  distinctly  re- 
echoed, for  all  uie  preceding  would  be  confounded  together.  There- 
fore, if  the  distance  of  the  reflecting  object  were  but  56|  feet,  the 
sound  in  going  and  returning  throu^  twice  that  space  would  take 
up  but  1-10  of  a  second,  and  the  echo  would  consequently  be  mono- 
syllabic. If  the  distance  of  the  reflecting  object  were  113  feet  two 
syllables  might  be  resumed ;  and  in  genml  there  would  be  as  many 
syllables  repeated  as  the  multiples  of  56^  in  the  number  of  feet 
between  the  source  of  sound  and  the  reflector. 

112.  It  will  be  obvious  that  two  persons  may  be  so  situated  that 
one  may  hear  the  echo  of  the  voice  of  the  other  without  perceiv- 
ing the  original  sound ;  for  the  voice  impinging  obliquely  on  a  re- 
flecting surface  may  be  eonyeyed  unmterruptedly  to  a  person 
placed  in  the  line  of  reflection,  while  some  intervening  obstacle 
may  prevent  the  direct  passage  of  the  sound.  Thus  two  persons 
standmg  one  on  each  side  of  a  mirror  might  see  the  reflected 
figures  of  each  other  in  the  glass,  though  an  opaque  body  might 
entirely  conceal  from  either  uie  real  figure  of  the  other. 

113.  Such  echoes  as  have  been  now  described  would  be  produced 
by  a  single  reflecting  body,  which  would  necessarily  return  or  repeat 
but  once  each  original  sound.  The  most  remarkable  echoes,  how- 
ever, are  those  which  have  been  termed  polyphonons,  because 
they  multiply  sounds,  or  yield  several  repetitions  of  a  single  ori- 
ginal sound ;  the  echo  arising  from  successive  reflections  from  a 
number  of  different  surfaces.  Numerous  instances  of  extraordinary 
echoes  are  related  by  travellers  and  other  writers.  Dr.  Plot,  in  his 
History  of  Oxfordshire,  England,  gives  an  account  of  an  echo  in  the 

Sark  at  Woodstock,  that  would  repeat  seventeen  syllables  in  the 
ay-time,  and  twenty  at  night:  the  air  being  more  elastic  durinff 
the  day  than  in  the  colder  season  of  the  night,  the  sound  would 
travel  faster,  and  be  returned  more  speedily  by  the  diurnal  than 
by  the  nocturnal  echo.  On  the  north  side  of  the  parish  church  of 
Shipley,  in  Sussex,  there  is  an  echo  which  will  repeat  twenty-one 
syllables. 

114.  Among  the  echoes  which  repeat  the  same  sound  many 
times  one  oi  the  most  noted  is  that  mentioned  by  Father  Kircher 
and  Gasper  Schott  in  the  seventeenth  century,  and  subsequently 
by  M isson  and  Addison,  as  existing  at  the  Marquis  of  Simonetta's 
villa,  near  Milan,  in  Italy.  It  is  produced  by  two  parallel  walls 
constituting  the  wings  of  the  building,  and  the  echo,  which  is 
best  heard  from  a  window  between  them,  will  repeat  a  single 

How  is  the  number  of  syllable!  echoed  necessarily  limited  f 

In  what  cases  may  echoes  be  heard  to  the  exclusion  of  direct  sounds  f 

What  are  meant  bj  polyphonons  echoes  ? 

From  what  do  they  proceed  } 

What  ezjimples  of  polysyllable  echoes \w«« Vie«c\  T«noTd«d  i 

What  eases  of  poly phonoui  ec^oeaY>Me'V«eu«D^aMiQi\ 
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Word  more  than  forty  times,  and  the  report  of  a  pistol  nearly  sixty 
times  ;  but  not  with  perfect  distinctness  except  early  in  the  morn- 
it^  or  l&te  in  the  evening,  in  calm  weather.  There  is  an  analo- 
gous echo  at  Verdun,  prmiuced  by  two  towers  distant  from  each 
other  about  165  feet ;  and  a  single  word  uttered  loudly  by  a  person 
standlngbetween  them,  wUl  be  heard  repeated  a  dozen  times. 

115.  Un  the  Rhine,  near  Lurley,  is  a  remarkable  echo,  described 
by  Dr.  Granville,  caused  by  the  reverberations  of  sound  from  the 
rocky  banks  of  the  river,  which  may  be  heard  to  the  greatest  ad- 
vantage from  a  boat  in  the  middle  of  Uie  stream.  This  echo  repeats 
musical  sounds,  gradually  fading  on  the  ear  till  they  die  away ; 
and  it  resembles  the  polyphonous  echoes,  which  are  heard  on  the 
Lakes  of  Killamey,  in  Ireland.  A  wonderful  echo  is  mentioned 
by  Father  Gassendi  in  his  remarks  on  Diogenes  Laertius,  since  he 
staites  that  Boissard  heard  the  first  verse  of  the  iGneis, 

Arma  Timinque  cano  Trojx  qui  primus  ab  oris, 

repeated  eight  times  at  the  tomb  of  Metellus,  an  ancient  monument 
near  Rome.  At  Genetay,  near  Rouen,  in  Normandy,  a  curious 
echo  is  said  to  exist,  the  effect  of  which  is  such,  that  a  person 
singing  will  hear  only  his  own  voice,  while  others  at  a  distance 
hear  the  echo  and  not  the  original  sound ;  sometimes  the  reflected 
sound  seems  to  approach,  and  at  other  times  to  recede,  and  the 
sounds  are  heard  m  different  directions,  according  to  the  situation 
of  the  hearer. 

116.  The  reflection  of  sound,  in- 
stead of  producing  an  echo,  may 
have  the  effect  oT  concentrating 
sonorous  vibrations  so  as  to  render 
sounds  audible  with  the  utmost 
distinctness  at  considerable  dis- 
'^  tances  from  the  places  where  they 
are  emitted.  This  may  happen  in  consequence  of  repeated  reflec- 
tions from  a  curved  or  polygonal  surface,  so  that  the  sound  bein? 
uttered  in  the  focus  of  one  reflecting  surface  it  will  be  conveyed 
to  the  ear  placed  in  the  focus  of  another  reflecting  surface.  Thus 
a  sound  too  weak  to  be  heard  in  the  direct  line  A  B,  in  the  margi- 
nal figure,  may  be  augmented  by  reflection  from  B  to  C,  and  thence 
to  A,  and  also  by  a  number  of  intermediate  reflections  from  a,  b, 
c,  rf,  tf,/*,  and  various  other  points,  all  tending  to  A;  so  that  a 
whisper  or  the  scratch  of  a  pin,  which  could  not  be  conveyed  di- 
rectly fVom  B  to  A,  would  be  heard  plainly  by  accumulated  reflec- 
tion from  different  points  in  the  circular  surface  B  C  A. 
117-  The  most  trifling  sound  may  thus  be  heard  from  the  oppo- 

What  sinnilarity  exists  in  the  echo  of  Genetay  ? 
What  eflfeet,  other  than  echoes  and  resonances,  may  be  produced  by 
fhe  reflection  of  sound  ? 
In  what  manner  may  this  result  be  obtained  ? 
lUastrate  this  by  dia^^m. 
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site  side  of  the  circular  gallery  at  tlie  base  of  tlie  domo  of  Bu 
Paul's  cathedral,  London,  hence  called  the  whispering  ffailerj. 
There  is  also  a  whispering  ^llery  in  Gloncester  cathedral,  where 
a  narrow  passage  seventy-Sve  feet  in  length  extends  across  the 
west  end  of  the  choir ;  and  the  wall  forming  fiye  sides  of  an  octa* 
gon,  the  voice  of  a  person  whispering  gently  at  one  end  of  the 
gallery  is  carried  by  reflection  to  the  ear  of  a  person  on  the  other 
side  of  the  choir. 

118.  In  a  very  similar  manner  soand  is  concentrated  by  reflec' 
tion,  from  the  focus  of  one  reflecting  surfiuse  to  that  of  another  in 
an  elliptical  yanlt.  The  cupola  of  the  Baptistery  of  Pisa  is  thus 
constructed ;  so  that  a  person  placed  in  one  focus  may  distinctly 
hear  a  whisper  uttered  in  the  other  focus,  though  it  would  be  in- 
audible in  the  intermediate  space.  The  cathedral  of  Girgenti,  in 
Sicily,  aflbrds  an  example  of  a  similar  construction;  in  conse- 
quence of  which  the  gentlest  whisper  may  be  plainly  heard  from 
tne  cornice  behind  the  high  altar  by  a  person  at  the  great  western 
door,  a  distance  of  two  hundred  and  fifty  feet.  The  ecclesiastics, 
i^orant  of  this  circumstance,  had  unluckily  placed  the  confes- 
sional in  the  focus  of  one  of  the  reflecting  surtaces,  and  persoM 
who  happened  to  have  found  out  the  place  whither  sounds  were 
conveyed,  amused  themselves  for  some  time  by  resorting  thither 
to  hear  secrets  intended  only  for  a  confessor :  at  lengrth  one  of 
these  indiscreet  listeners  was  punished  by  hearing  his  own  wife 
confess  her  frailty ;  and  the  affair  becoming  public,  the  confessional 
was  removed  to  a  more  secure  spot. 

119.  The  concentration  of  sounds  sometimes  produces  very 
singular  eflects,  of  which  an  instance  is  thus  related  by  Dr.  Ar- 
nott:  **  It  happened  one  da^  onboard  a  ship  sailing  along  the 
coast  of  Brazil,  far  out  of  sight  of  land,  that  the  persons  walk- 
ing on  deck,  when  passing  a  particular  spot,  heard  very  distinctly 
during  an  hour  or  two,  the  sound  of  bells,  varying  as  in  human 
rejoicings.  All  on  board  came  to  listen,  and  were  convinced ; 
but  the  phenomenon  was  most  mysterious.  Months  afterwards  it 
was  ascertained,  that  at  the  time  of  observation  the  bells  of  the 
city  of  St.  Salvador,  on  the  Brazilian  coast,  had  been  ringing  on 
the  occasion  of  a  festival :  and  their  sound,  therefore,  favoured  by 
a  gentle  wind,  had  travelled  over  perhaps  100  miles  of  smooth 
water,  and  had  been  brought  to  a  focus  by  the  concave  sail  in 
the  particular  situation  on  the  deck  where  it  was  listened  to.''* 

120.  There  are  some  echoes  for  which  it  is  more  difficult  to  ac- 
count. Such  for  example,  as  that  observed  by  M.  Biot  in  the 
aqueducts  of  Paris,  where  on  speaking  at  the  extremity  of  a  tube 
951  metres  in  length,  the  voice  was  repeated  six  times.    The  in- 

In  what  celebrated  structures  is  the  concentration  of  sound  exemplified' 
What  is  related  of  the  cathedral  of  Girgenti  in  Sicily  ? 
How  have  mariners  occasionally  experienced  the  effects  of  eoncen 
trated  sounds  ? 

*  Elements  uf  Phyueft, 'vol.  \.^.S3S. 
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teiYals  of  these  echoes  were  equal,  each  being  about  half  a  second ; 
the  last  returningr  to  the  ear  after  three  seconds,  that  isy  after  the 
time  xequisite  for  the  sound  to  pass  through  the  space  of  951  me- 
tres. Similar  echoes  have  been  noticed  m  the  long  galleries  of 
mines.  M.  Beudant  observes  that  probably,  in  the  experiment 
of  Biot,  the  tubes  v/ere  not  laid  exactly  in  a  straight  line,  nor 
throughout  of  the  same  diameter ;  and  that  in  the  galleries  of 
mines  it  may  be  imagined  that  the  walls  or  sides  were  not  parallel.* 
131.  The  conreyance  of  articulate  soonds  by  means  of  tubes 
through  considerable  distances  from  one  part  of  a  building  to 
another  is  now  commonly  practised.  By  tnis  method  a  message 
or  inquiry  can  be  communicated  from  a  person  in  his  study  or 
office^  in  the  upper  part  of  a  high  building,  to  clerks  or  worlonen 
in  the  lower  part,  without  loss  of  time  or  inconyenience. 

122.  The  facility  with  which  the  voice  thus  circulates  throuffh 
tubes  was  probably  known  to  the  ancients,  and  certainly  to  me 
cultivators  of  philosophy  in  the  middle  ages.  Pope  Sylvester  II.« 
whose  proper  name  was  Gerbert,  was  almost  the  only  man  of 
science  living  in  the  tenth  century,  and  not  now  forgotten.  By 
his  contemporaries  he  was  regarded  as  a  magician,  because  amone 
the  wondexlul  machines  he  constructed  was  a  speaking  head  of 
brass.  Albertus  Magnus,  and  Roger  Bacon,  in  the  thirteenth 
century,  incurred  similar  odium,  in  consequence  of  their  bavin? 
formed  speaking  figures.  There  can  be  no  doubt  that  each  of 
these  ingenious  men  adopted  the  method  now  described  of  con- 
veying sound  from  a  distance,  so  that  it  might  appear  to  proceed 
from  an  inanimate  bust. 

123.  By  far  the  cleverest  deception  of  this  kind  was  an  exhibi- 
tion which  took  place  at  Paris  several  years  since  and  afterwards 
in  London,  appropriately  styled  the  Invisible  Lady,  Bince  the  ap- 
paratus was  80  contrived  that  the  voice  of  a  female  at  a  distance 
was  heard  as  if  it  originated  from  a  hollow  globe  not  more  than  a 
foot  in  diameter,  suspended  freely  from  wooden  framework,  by 
slender  ribbons. 

124.  A  perspective  view  of  the  machinery,  and  a  plan  of  the 
globe  and  adjoining  parts  as  constructed  by  the  inventor,  M. 
Charles,  are  given  below.  It  consisted  of  a  wooden  frame,  much 
resembling  a  tent  bedstead,  formed  by  four  pillars  A,  A,  A,  A, 
connected  by  upper  cross-rails,  B,  B,  and  similar  rails  below, 
while  it  terminated  above  in  four  bent  wires,  C,  C,  proceeding 
from  the  angles  of  the  frame,  and  meeting  in  a  central  point.  The 
hollow  copper  ball,  M,  with  four  trumpets,  T,  T,  issuing  from  it 

How  may  polyplionous  echoes  in  pipes  and  mines  be  explained  ? 

To  what  uaefal  purpose  may  the  conduction  of  sound  by  long  tubes  hm 
applied  ? 

Wlmt  iDStancea  of  ingeoiout  deeeption  have  been  formed  en  this  mode 
of  transmitting  sound  ? 

To  what  imputation  did  they  sabieet  their  authors  ? 

Hpw  was  M.  Ch&rles's  invisible  lady  constructed  ? 

*  Beudant  EJem.  de  Phyi.,  pp.  367,  36%« 
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at  rig^ht  angles,  hung  in  the  centre  of  the  frame,  being*  connected 
with  the  wires  alone  by  four  narrow  ribbons,  D,  D.  Any  question 
or  observation  uttered  in  a  low  Toice  close  to  the  open  mouth  of 
one  of  the  trumpets  elicited  a  r^ly  which  might  be  heard  from 
all  of  them,  the  sound  being  perfectly  distinct,  but  weak,  as  if  it 
was  emitted  by  a  very  diminutive  being. 

125.  The  real  speaker  was  a  female  concealed  in  an  adjoining 
apartment,  and  the  means  by  which  her  voice  was  made  to  issue 
from  the  globe  in  the  manner  stated  were  at  once  very  simple  and 
ingenious.  Two  of  the  trumpet  mouths,  T^  T*,  as  represented 
in  the  plan,  were  exactly  opposite  apertures  leading  to  tubes  in 
two  of  the  cross-rails,  which  meeting  at  the  angle  A,  opened  into 
another  tube  descending  through  the  pillar,  and  which  was  con- 
tinued under  the  floor  into  an  adjoining  apartment,  where  a  person 
sitting  might  hear  what  was  whispered  into  either  of  the  trum- 
pets, and  return  an  appropriate  answer  by  the  same  chamiel. 
This  machinery  differs  from  the  common  speaking-tubes,  previ- 
ously noticed,  merely  in  the  addition  of  the  hollow  oall  and  trum- 
pets, by  means  of  which  the  voice  is  reflected  from  the  cavity  of 
the  globe  through  the  trumpets  T^  T>,  into  the  tube  of  commu- 
nication; and  thus  the  effect  produced  is  rendered  abundantly 
mysterious  to  those  unacquainted  with  the  principles  of  Acou- 
stics. 


126.  The  Speaking-trumpet,  used  by  captains  of  ships,  is  an 
instrument  adapted  for  ini^reasing  the  intensity  or  loudness  of 
sounds,  by  multiplied  reflection.    It  consists  of  a  conical  tube,  as 

• 
In  what  manner  did  his  inae\inery  difTer  from  oi*dinary  spcaking-tubct  ^ 
Explain  the  eonatruction  of  Uie  speaLV\T>^Anivn\tcx. 


VENTRILOQUISM.  278 

represented  above,  open  at  both  ends,  about  three  feet  in  length, 
and  formed  of  copper  or  tin-plate.  On  speaking  slowly  and  di^ 
tinctly  with  the  month  applied  to  the  opening  A,  the  sonnd  after 
being  reflected  from  the  sides  of  the  tnbe  in  the  direction  of  the 
crose-lines,  will  eecape  from  the  wide  extremity  B,  and  be  con* 
veyed  to  a  distance  proportioned  to  the  length  of  the  tnbe  and  the 
diameter  of  its  bell-shaped  aperture.  Kircher,  in  his  **  Phonnrgia 
Nova»"  published  in  1673,  claims  the  invention  of  the  speaking- 
tnimpet,  referring  to  his  "  Musurgia,"  1650,  for  an  account  of  the 
instrument ;  but  nis  contrivance  seems  to  have  been  constructed 
on  the  principle  of  the  tubes  of  communication  mentioned  above, 
rather  than  on  that  of  the  speakin&r-trumpet,  which  was  more  pro- 
bably invented  by  Sir  Samuel  Morland,  who  gave  a  description 
of  it  in  a  work  which  was  printed  in  London,  1671,  under  the  title 
of  ''  Tuba  Stentorophonica."  It  is  by  no  means  necessary  that 
the  speaking-trumpet  should  be  composed  of  a  metallic  sabstance, 
for  the  sonorous  vibrations  will  be  propagated  in  the  same  manner 
and  with  equal  effect  tiirou^  a  similar  tube  lined  with  cloth. 

137.  A  Hearing-trumpet  is  nothing  more  than  a  funnel-shaped 
tube,  like  a  leveiaed  speakinff-tmmpet ;  which,  when  the  small 
end  is  held  to  the  opemng  of  ue  ear,  conveys  to  the  person  using 
it  articulate  sounds  from  without,  increased  in  intensity  by  re- 
peated reflections  from  the  inside  of  the  tube.  M.  Lecat  invented 
a  double  acoustic  tube,  by  which  concentrated  sounds  might  be 
conveyed  to  both  ears  at  the  same  time ;  and  which  may  be  used 
with  great  advantage  by  those  whose  auditory  &culty  is  im- 
paired. 

138.  The  art  of  ventriloquism  appears  to  depend  in  some  de- 
gree on  the  reflection  of  sound  witmn  the  mouth.  Professor  Du- 
gald  Stewart  attributed  the  talent  of  exciting  the  perception  of 
articulate  sounds,  in  such  a  manner  as  to  ^ve  them  the  effect  of 
emission  from  various  distances  and  directions,  wholly  to  decep- 
tion and  the  power  of  imitation.  Those  who  have  witnessed  the 
curious  monopolylognes,  as  he  appropriately  styles  them,  of  Mr. 
Mathews,  in  his  theatrical  exhibitions,  will  readily  admit  that 
feigned  dialogues  and  other  vocal  illusions,  in  which  the  sounds 
apparently  issue  from  an  object  very  near  the  performer,  may  be 
solely  the  effect  of  exauisite  mimicry. 

129,  The  celebrated  Peter  Pindar,  or  rather  Dr.  Waleot,  pos- 
sessed considerable  talent  as  a  mimic,  and  he  sometimes  amused 
his  friends  by  the  display  of  his  skill.  He  would  ^uit  his  apart- 
ment on  the  first  floor,  as  if  to  speak  to  a  person  waiting  for  him. 

By  whom  is  its  inrention  claimed  ? 

1«  a  metallic  snbstanoe  neoessary  to  produce  the  effbot  of  this  ioslni- 
snent  ? 

What  iiuproTement  on  the  bearlhg-trampet  was  invented  by  Lecat  ? 
In  wi^U  peeofiar  art  is  the  reflection  of  gound  apnlied  ? 
In  what  manner  are  we  to  account  for  the  decepuon  of  th«  «m  bx 
miec  who  periooBte  tevvnU  oharaotert  at  the  same  t\Tna> 
WJmtMoeodiHP  Uluttn^  thlt  view  of  the  lubje^X) 
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and  shattiog  the  door  on  those  within,  he  would  stand  at  the  dtair 
head,  and  hold  a  fancied  conversation  with  his  laundress,  the  bard 
speakinff  alternately  in  his  own  natural  tone  of  voice,  and  in  the 
shriller  Key  resembling  the  Toice  of  a  female.  He  would  repre- 
sent the  visiter  as  demanding  payment  of  her  account,  and,  in 
spite  of  the  excuses  and  expostulations  of  the  bard,  raising  her 
voice  in  reply  to  each  apolo^,  and  becoming  gradually  more  and 
more  abusive,  till  at  length,  when  the  company,  who  heud  all, 
might  suppose  that  he  hoA  lost  all  patience  at  the  woman's  perti- 
nacity and  insolence,  the  dial(^e  would  be  suddenly  terminated 
by  a  noise  which  seemed  to  indicate  that  he  had  kicked  the  laun- 
dress down  stairs.  Such  an  exhibition,  whimsical  enough  to 
those  not  in  the  secret,  would  obviously  reauire  much  less  skill 
and  address  than  the  scenes  where  the-  performer  stands  in  pre- 
sence of  the  audience. 

130.  The  deceptions  of  the  ventriloquist  are  produced  in  a  dif- 
ferent manner,  requiring  not  only  the  faculty  of  disguising  the 
voice  so  as  to  imitate  other  sounds,  but  also  the  art  of  determining 
the  apparent  source  of  sound.  Among  the  numberless  examples 
ctf  the  feats  on  record  relative  to  the  profiessors  of  this  art  is  the 
following,  related  as  an  ear*witness,  by  Van  Dale,  the  author  of  a 
treatise  on  Oracles.  There  was,  in  1685,  in  the  hospital  for  the 
aged  at  Amsterdam,  a  woman,  seventy-three  years  old,  whose 
name  was  Barbara  Jacobi,  and  who  was  visited  by  a  vast  multi- 
tude of  persons  on  account  of  her  talents  as  a  ventriloquist.  She 
lay  on  the  side  of  a  small  bed,  the  curtains  being  undrawn,  and 
turning  as  if  to  talk  to  a  man  near  her  whom  she  called  Joachim, 
she  returned  answers  to  her  own  questions  or  remarks  in  a  feigned 
voice.  She  would  accuse  her  supposed  companion  of  gallantries 
with  other  females,  make  replies  for  him,  sometimes  as  if  he  was 
laughing,  sometimes  crying,  now  utterinff  groans,  and  then  sing- 
ing songs,  and  all  with  such  address  ana  effect,  that  the  illusion 
was  complete;  and  the  by-standers  occasionallv  would  not  be 
convinced  that  she  had  no  associate  till  they  had  satisfied  them- 
selves by  searching  the  bed.* 

131.  This  woman,  who  was  &mous  for  her  skill,  is  also  men- 
tioned by  Balthasar  Bekker,  in  his  curious  treatise  entiUed  **The 
Enchanted  World;*'  and  another  Dutch  writer,  John  Conrad  Am- 
man, in  his  Dissertation  on  Speech,  statos,  that  he  had  heard  her 
singular  dialogues,  and  that  the  feigned  voice  she  uttered  seemed 
to  issue  from  a  spot  at  least  two  paces  from  her.  The  Abb^  de  la 
Chapelle,  a  learned  Frenchman,  who  was  a  Fellow  of  the  Royal 
Society  of  London,  wrote  a  distinct  work  on  ventriloquism,t  in 

How  does  Tentriloauism  differ  from  ttiimicry  ? 

What  instance  of  uieir  combination  is  recorded  by  Van  Dale  ? 

What  account  of  the  effect  and  its  cause  is  given  by  Amman  ? 

*  Antonii  Van  Dale  Polyatri  Harlemensif  Dissertatiqpes  de  Origfne 
iic  PrQgressu  Idolatriie  et  Superstitionnm,  4to.  p.  653. 

f  Le  Ventriloque  ou  TEngaBlrimyiive.  YwM..  Ae  WC*»^Ue^Ccnicur 
loyal  a  PstrU,  he,    Deuxpartiea.    X  V««Are%%  "^"H*'   \%fia»» 
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which  he  has  collected  a  great  number  of  notices  of  persons 
skilled  in  this  art,  and  of  their  singular  exploits. 

132.  One  distinguished  ventriloquist  to  whom  his  work  relates, 
was  the  Baron  von  Mengen,  a  nobleman  of  Vienna,  who  in  a  let- 
ter addressed  to'M.  de  la  Chapelle,  states,  that  he  had  acquired  a 
facility  in  speaking  as  a  ventriloquist,  by  mere  practice  com- 
menced when  a  boy,  but  he  professes  himself  unable  to  commu- 
nicate the  art  to  another.  Amman  in  the  passage  referred  to 
above,  expressly  asserts  that  the  effect  is  produced  by  speaking 
during  the  act  of  inspiration,  or  drawing  air  into  the  lungs,  in- 
stead of  speaking  while  the  air  is  passing  out  as  usual.  The 
Abb^  de  la  Chapelle  attempts  to  controvert  this  notion,  which, 
however,  seems  to  be  founded  on  correct  observation,  as  articulate 
tones  can  be  thus  formed  differing  in  intensity  from  those  emitted 
in  the  customary  mode.  Yet  some  further  modification  of  the 
speech  appears  to  be  requisite  to  produce  all  the  effects  described ; 
and  one  of  the  most  essential  peculiarities  will  consist  in  the  art  of 
enunciating  all,  or  nearly  all,  the  letters  of  the  alphabet  without 
moving  the  lips. 

133.  It  is  a  remarkable  circumstance  that  the  art  of  ventrilo- 
quism is  practised  among  the  Esquimaux,  by  individuals  who 
have  acquired  among  their  countrymen  the  reputation  of  being 
wizards.  The  late  Captain  Lyon,  one  of  the  officers  who  visited 
the  Arctic  regions  a  few  years  since,  had  opportunities  of  wit 
nessing  the  exhibitions  of  one  of  the  most  skilful  of  the  Esqui- 
maux ventriloquists,  and  he  published  an  interesting  account  of 
the  observations  he  made  on  those  occasions.  One  of  the  most 
important  circumstances  which  he  noticed  was  that  the  ventrilo- 
quist, afler  having  uttered^  a  protracted  sound,  which  lasted  while 
Captain  L.  had  made  two  inspirations  after  holding  his  breath  as 
long  as  possible,  emitted  a  ^^  powerful  yell,  without  a  previous 
stop  or  inspiration  of  air.'**  Doubtless  the  previous  leng&ened 
sound  was  produced  during  inspiration,  and  therefore  the  succeed- 
ing yell  relieved  the  distended  lungs,  lliis  observation  thus 
agrees  with  those  which  have  been  made  on  o^er  ventriloquists. 
But  there  seems  to  be  little  probability  that  this  subject  will  be 
perfectly  understood  till  some  skilful  ventriloquist  may  choose  to 
investigate  the  manner  in  which  the  vocal  organs  are  employed  in 
forming  such  anomalous  sounds,  and  communicate  the  result  of 
his  researches  to  the  publio. 

Aiaon?  what  barbarous  nations  has  the  art  of  ventriloquism  been  nrac- 
tisod? 

To  what  manner  does  Captain  Lyon  account  for  the  prolonged  utter- 
ance given  by  Ifhe  Esquimaux  ? 

•  Private  Journal  of  Capt.  G.  F.  Lyon.  1824.  pp.  358,  361,  366. 
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Books  on  the  subfeet  of  Acouatiei* 

Playfair's  Outlines  of  Natural  Philosophy,  vol.  i.  pp.  281—291. 

Robinson^s  Mechanical  Philosophy,  8vo.  vol.  iv.  pp.  376 — 537. 

Library  of  Useful  Knowledge,  treatise  on  Pneumatics,  pp. 
29—31. 

Chladni  Traits  d'Aconstiqne,  Paris. 

Rush's  (Dr.  James)  Philosophy  of  the  Human  Voice,  Phila. 
1827. 

Edinburgh  Encyclopedia,  article  ^coustica, 

Cassini  on  Sound,  Mem.  of  the  French  Academy  for  1738, 
p.  128. 

Savart  Recherches  sur  les  Usages  de  la  Membrane  da  Tym- 
pan.  Ann.  de  Chim.  vol.  xxvi.  p.  5. 

NoUet  on  the  Hearing  of  Fishes,  Mem.  of  the  Fr.  Acad.  1743. 

Euler  on  the  Propagation  of  Pulses,  Berlin  Memoirs  for  1765. 
p.  335. 

Dulong  on  the  Velocity  of  Sound  in  different  Gases,  Ann. 
de  Chim.  vol.  xli.  p.  113. 


Works  in  the  department  of  acoustics  are  very  numerous ;  but 
the  number  of  those  which  treat  the  subject  with  perfect  clear- 
ness, combined  with  that  exactness  which  the  case  seems  to  require, 
is  perhaps  smaller  than  in  most  branches  which  have  for  an  equal 
length  of  time  been  cultivated  by  the  curious  and  the  learned. 
This  arises,  in  part,  from  the  intrinsic  difHcnlties  of  the  subject;  in 
part,  from  the  fact  that  many  persons,  as  stated  in  a  preceding  page, 
are  insensible  to  the  nicer  shades  and  distinctions  of  sound,  and 
in  no  small  demree  from  the  discouragements  long  felt  in  attempts 
to  make  the  deductions  of  theoretical  investigation  correspond  with 
experimental  results.  The  far-reaching  mind  of  Newton  himself, 
was  not  able  to  grasp  all  the  causes  which  modify  the  transmis- 
sion of  sound.  Indeed  the  law  of  La  Place,  that  the  theoretical 
result  of  Newton  must  be  corrected  by  multiplying  it  into  the 
square  root  of  the  ratio  of  the  specific  heat  of  air  under  a  constant 
pressure,  to  its  specific  heat  under  a  constant  volume,  could  not  pos- 
sibly have  been  applied  in  Newton's  time ;  for  the  whole  doctrine 
of  specific  heats  was  then  unknown.  Again,  the  means  of  ex- 
hibiting, in  all  their  variety,  the  numerous  phenomena  of  vibration, 
have  only  for  the  last  few  years  been  supplied  by  the  labours  of 
Chladni,  Savart,  Biot,  Colladon,  Farads^  and  others.  The  art  of 
composition  in  music,  and  skill  in  its  perk)rmance,  have  sometimes 
been  mistaken  for  the  science  from  which  they  derive  their  princi- 
ples. The  art  of  rhetoric  has  in  like  manner  been  conceived  to 
constitute  the  science  of  vocal  utterance,  until  Dr.  Rush  pushed 
his  analytical  researches  to  the  extent  of  dissecting  the  very  ele- 
ments of  speech,  and  displaying  those  operations  of  the  organs 
which  combine  to  produce  or  to  modify  ev^rj  ^Veoietit. — Ed« 


PYRONOMICS. 

1.  Among  dfoee  branches  of  nataral  philosophy  which  hare  at- 
tained the  rank  and  importance  of  distinct  sciences,  in  conse- 
anence  of  the  researches  of  oar  contemporaries,  must  be  included 
ttat,  tiie  object  of  which  is,  to  explore  the  properties  and  opera- 
tions of  heat.  To  designate  this  department  of  human  knowledge, 
Leslie  has  adopted  the  term  Pyronomics,  which  signifies  the  laws 
of  heat.*  The  effects  of  heat,  or  rather  of  relative  temperature, 
have  so  striking  an  influence  on  all  bodies  around  us,  and  it  pro- 
duces such  varied  and  singular  consequences,  that  whether  con- 
sidered as  arising  from  the  modifications  of  matter  with  which  we 
are  most  intimately  ao^ainted,  or  as  depending  on  the  presence 
of  some  peculiar  subtue  agent,  it  must  be  desirable  that  they 
shool^be  classed  and  arranged  so  as  to  form  a  systematic  series 
of  facts  and  observations;  and  to  such  a  system  the  appellation 
Pyronomics  may  be  appropriated,  as  expressive  of  the  objects  to 
which  it  relates. 

8.  The  cause  of  heat  has  fiirmed  a  subject  of  controversy  among 
modem  philosophers;  some  of  them  ascribing  the  phenomena  in 
which  it  is  concerned  to  intestine  motions  of  the  minute  particles  of 
bodies,  ahalagous  to  those  which  ?ive  rise  to  sound ;  while  others 
have  endeavoured  to  prove  that  neat  arises  from  the  presence 
of  a  peculiar  fluid,  or  ethereal  kind  of  matter,  such  as  that  which 
has  been  regarded  as  the  cause  of  light.  If  such  a  fluid  exists,  it 
must  be  destitute  of  weight,  for  it  has  been  ascertained  from  ex- 
periment that  the  addition  of  heat  to  any  substance  produces  no 
alteration  whatever  in  its  gravitative  force. 

3.  Dr.  George  Fordyce  instituted  researches  concerning  the 
effect  of  temperature  on  the  weight  of  bodies,  whence  it  was  con- 
eluded  that  the  abstraction  of  heat  from  water  occasioned  an  tVi- 
treoBe  of  weigrht.  He  inclosed  1700  grains  of  water  in  a  glass 
^obe,  and  havin?  sealed  it  hermetically,  after  ascertaining  the 
weight  of  the  globe  and  its  contents  with  the  utmost  accuracy,  he 
immersed  it  in  a  freezing  mixture,  and  on  weighing  it  again  after 
the  liquid  had  become  entirely  congealed,  he  found  it  had  gained 
3-16  of  a  grain.f  Guyton  de  Morveau,  and  Chaussier,  made  cor- 
lesponding  experiments  in  France,  on  water  and  sulphuric  acid, 
from  the  results  of  which  they  drew  the  same  inferences. 

To  what  it  the  term  Pjronomics  properly  applied  ? 

To  what  cause  have  different  philosophers  attributed  the  phenomena 
of  heat  > 

To  what  result  were  Fordyce,  Morveau,  and  Chaussier  condaeted  ia 
regard  to  the  effect  of  temperature  on  the  weight  of  bodies  ? 

*  From  the  Greek  nvp,  fire,  and  No/ie(,  a  law. 
t  See  PhUoaophioal  Traosaotiont  vqI.Ikhv. 
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4.  Other  philoflophers,  however,  made  comparative  trials  of  the 
weight  of  water  and  sulphuric  acid  in  the  liquid  state,  and  when 
reduced  by  cooling  to  the  solid  form,  without  bein?  able  to  detect 
any  difference  of  weight  appreciable  by  the  most  delicate' balances. 
The  apparent  effect  of  the  variation  of  temperature  on  the  weight 
of  booies  as  noticed  in  the  above  experiments,  may  be  attributed 
to  the  influence  of  the  frozen  mass  on  the  density  of  the  surround- 
ing air ;  therefore,  if  we  admit  the  observations  to  be  perfectly 
correct,  it  may  still  be  contended  that  they  are  not  conclusive. 

5.  Count  Rumford,  having^  suspended  a  bottle  containing  wa- 
ter, and  another  containing  spirits  of  wine,  to  the  arms  of  a  balance, 
and  adjusted  them  so  as  to  be  exactly  in  equilibrium,  he  found 
that  it  remained  undisturbed  when  the  water  was  completely  fro- 
zen, though  the  heat  the  water  had  lost  must  have  been  more  than 
sufficient  to  have  made  an  equal  weight  of  gold  red-hot.  If,  there- 
fore, with  Lavoisier  and  his  associates,  (the  founders  of  what  has 
been  styled  the  Antiphlogistic  System  or  Chembtry,)  we  appose 
heat  to  be  matter  ratner  uian  motion,  it  must  be  allowed  to  m  an 
imponderable  fluid,  and  also,  as  denominated  by  some  philoso- 
phers, an  incoercible  fluid,  for  though  it  passes  through  some  bo- 
dies with  more  difficulty  than  throi^  others,  there  is  no  body  or 
or  kind  of  matter  which  can  completely  arrest  its  progress. 

6.  The  terms  Caloric*  and  Matter  of  Heat  have  wen  adopted 
to^esignate  the  hypothetical  causes  of  those  phenomena  wnich 
are  referred  to  the  science  of  Pyronomics ;  and  without  admitting 
the  separate  existence  of  such  an  agent  as  the  caloric  of  the  French 
chemists,  the  term  may  sometimes  be  advantageously  employed 
to  denote  the  amount  of  effect  produced  by  relative  changes  of 
temperature  in  the  same  or  in  different  bodies. 

7.  Various  phrases  occur  in  our  own  and  in  other  languages 
expressive  of  the  effects  resulting  from  alterations  of  temperature, 
both  as  regards  the  impression  on  our  senses,  and  the  changes  of 
form  or  structure  produced  in  the  bodies  around  us.  When  we 
touch  a  substance  more  heated  than  the  hand  applied  to  it,  the 
sensation  arising  from  it  is  styled  warmth ;  and  that  caused  by  a 
substance  less  heated  is  named  chilliness  or  cold.  But  warmth 
and  chilliness,  or  heat  and  cold,  thus  used,  are  merely  relative 
terms ;  for  a  substance  which  would  excite  in  one  person  the  sen- 
sation of  heat  might  at  the  same  time  seem  cold  to  another ;  and 
if  a  man,  after  holding  one  hand  near  a  fire  for  a  few  minutes,  and 

How  has  the  weight  of  bodies,  as  ftffected  by  heat,  been  explained  ?     • 

III  what  manner  did  Ramford  seek  to  determine  the  question  of  the 
ponderability  of  heat  ? 

What  other  distingfuishing  property,  besides  that  of  imponderable,  be- 
longs to  the  nature  of  heat  ? 

To  what  is  the  term  calorie  applied  ? 

How  may  it  be  shown  that  hot  and  cold,  warmth  and  chilliness,  are  re- 
lative terms  ? 


•  From  the  fjalVn  calor,\i«*X, 
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Uyinff  the  other  ctk  m  eold  stone  or  marble  slab,  were  to  dip  both 
in  a  basin  of  lukewarm  water,  the  liquid  would  warm  the  cold 
hand  and  cool  the  warm  one. 

8.  **  There  is,  perhaps,  no  subject,"  says  Hutton, ''  in  which  the 
langaa^  and  idcMS  of  men  are  more  vague,  or  more  distant  firom 
true  aoiaaoe,  than  in  those  of  heat  and  cold.  TTie  reason  of  this 
will  not  be  difficult  to  assign.  Heat  is  a  term  which  is  implied 
in  different  cases ;  for  it  is  both  a  principle  of  action  in  external 
things,  and  a  principle  of  passion  in  our  sensitive  mind.  But 
this  is  only  a  part  of  that  intricacy  with  which  this  apparent- 
ly simple  subject  is  necessarily  involved ;  for  when  heat  is  a 
principle  of  action  in  external  thmgs,  there  are  two  different  effects 
which  occasionally  follow  this  principle  as  a  cause.  First,  bodies 
axe  by  heat  distended  or  expanded  in  their  volume :  here  is  one 
distinct  effect.  Secondly,  without  being  thus  distended  by  beat, 
bodies,  in  receiving  that  distending  cause,  are  made  to  lose  their 
hardness,  or  concretion,  and  become  fluid  in  their  substance :  here, 
then,  is  an  effect  distinctly  different  from  the  other ;  and  both  of 
these  are  perfectly  different  from  the  feeling  of  heat  and  cold 
which  is  the  immediate  information  of  the  sense.''* 

9.  Among  the  terms  indicating  various  effects  or  operations  of 
beat,  or  the  appearances  which  we  are  accustomed  to  ascribe  to 
its  action  on  the  several  substances  around  us,  are  some  which 
imply  a  connexion  between  heat  and  light :  thus  a  body  like  red- 
hot  iron,  or  burning  coals,  is  said  to  glow  or  be  glowing;  a  lumi- 
nous vapour  issuing  from  a  burning  body  is  called  flame,  and 
such  a  body  may  m  said  to  flame  or  blaze ;  when  any  substance 
exhibiting  these  appearances  becomes  dissipated  or  dispersed 
through  ue  air,  either  wholly  or  partially,  the  operation  is  styled 
burning  or  combustion ;  and  when  a  heated  body  emits  light  with- 
out combustion,  it  is  said  to  be  incandescent,  or  in  a  state  of  incsn- 
desence.  The  appearance  of  heat  and  light  in  conjunction  is  oAen 
designated  fire,  a  term  used  by  ancient  ^ilosophers  as  character- 
isMo  of  the  matter  of  heat,  and  regarded  as  one  of  the  four  ele- 
ments. 

10.  The  effects  of  heat  on  our  senses  are  too  variable  and  falla- 
cious to  afford  any  important  assistance  in  the  investigation  of  its 
nature  and  properties ;  and  the  principles  which  form  the  founda- 
tion of  the  science  of  Pyronomics  must  therefore  be  derived  from 
the  consideration  of  those  phenomena  which  always  appear  under 
certain  circumstances,  so  that  we  can  produce  them  at-  pleasure 

Whence  hat  ariten  the  TagueDeM  of  Ungmge  employed  on  this  nib- 
jcct  ? 

What  two  eircumataooes  have  particularly  contributed  to  increase  the 
roiseonoeptlon  of  terms  in  relation  to  it  ? 

What  is  meant  by  glormw  ?    burning  and  incandeacence  ? 

What  character  was  by  the  ancient  philosophers  attributed  to  fire  ? 

On  what  roast  we  rely  for  obtaining  the  prindplea  of  pyronomics  ? 

*.A  Uisseitifiofi  en  the  f%ilo80phy  of  Ughl,  Heat,  au^Yvc^^V^  V 
ffatton. 


•^0  rmo/somcB* 

hj  proper  arrugements,  and  estknate  with  piMMoii  the  lenihv 
of  oombinatioM  by  means  of  which  heal  ia  aecnmalaled  or.dla* 
persed,  and  its  operation  on  bodies  induced,  mod^ed,  or  ienB^ 
nated. 

11.  The  distinguishing  properties  or  elfeets  of  hei^  or  ttose 
phenomena  which  arise  Srom  its  addition  ta  material  bodUes,  or 
more  simply  from  the  augmentation  of  tiieir  tempmstore.  Me  of 
three  kinds.  1.  Mere  dflatatios,  or  increase  of  Tolome,  whieh 
occors  in  solids,  liquids,  or  gases,  without  any  change  of  ibnn. 
2.  Transformation  of  a  8<did  to  the  liquid  state,  as  in  dissoliiBg 
ioe  or  melting  lead ;  and  of  a  liquid  to  the  gaseous  stated  as  in 
forminff  steam  from  water,  or  raponr  from  any  lionid,  by  boffing 
or  distulation.  3.  Destruction  of  the  texture  of  Bodies  by  woh 
bustion,  in  consequence  of  which  new  eombinatioiw  of  the  con- 
stituent  particles  of  bodies  are  formed,  the  investigatioii  of  which 
falls  within  the  province  of  the  chemist  rather  than  of  the  natmal 
philosopher. 


Sources  of  Mtai, 

13.  Before  proceeding  to  notice  in  detail  the  properties  and  jAs" 
nomena  of  heat,  some  attention  may  be  sdTaat^geoosly  directed  te 
the  sources  or  efficient  causes  of  heat.  These  are  radiation  fiov 
the  sun  together  with  lig^t;  certain  mechanical  operations,  as 
friction,  percussion,  and  compression ;  and  a  variety  of  chemical 
operations,  especially  combustion.  Heat  is  also  evolved  from 
living  animals  and  vegetables,  either  by  the  immediate  influence 
of  the  vital  powers  of  organized  nature,  or  in  consequence  of 
chemical  processes,  modified  by  the  peculiar  properties  of  organie 
matter. 

13.  That  the  sun  is  the  grand  fountain  of  heat,  or  the  prin- 
cipal cause  of  elevation  of  temperature  by  its  action  on  bodies 
exposed  to  its  rays,  is  a  fact  too  obvious  to  require  demonstration. 
As  to  the  manner  in  which  the  effect  is  produced,  different  opia- 
ions  have  been  entertained.  The  senerally  received  popular  notion 
concerning  the  nature  and  constitution  of  the  sun,  as  the  source 
of  light  and  heat,  is  that  of  an  inextinguishable  mass  of  matter 
in  a  state  of  intense  conflagration;  or,  in  other  words,  a  globe  of 
perpetual  fire,  the  idea  of  which  has  manifestly  been  derived  from 
comparison  of  the  propert]^  of  giving  heat  and  light  common  to 
the  sun,  and  to  flames  arising  from  combustible  substances. 

14.  Sir  William  Herschel  entertained  a  very  different  opinion 
relative  to  the  nature  of  the  solar  orb,  which  from  numerous  te- 
lescopic observations,  he  was  led  to  imagine  to  be  an  opaque 

Of  how  many  kinds  are  the  pbeoomeDE  arising  from  the  aagmentatitfi 
of  temperatui*e  ? 
How  many  and  what  are  the  known  sources  of  heat  ? 
IVhenee  has  the  idea  of  the  imeMu  nature  of  the  tun  baea  derifsd  f 
What  view  did  Sir  W.  Her«ehe\  en\iR\»!Lu  on  Ibit  subjeet  ? 
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(iobiilar  mass*  eDcompassed  by  an  atmosphere  conusUnfl^  of  trans- 
mrent  elastic  fluids,  from  the  decomposition  of  which  heat  and 
ifffat  were  continually  proceeding;  and  he  conceived  that  the  body 
)f  the  sun,  far  from  being  the  seat  or  fountain  of  perpetual  fire, 
night  with  probability  be  regarded  as  a  world  furnished  and  in- 
nbited  like  the  earth  to  which  we  are  confined.  Interesting, 
lowever,  as  such  speculations  may  be,  they  are  not  necessarily 
sonnected  with  the  subject  before  us,  and  must  therefore  be  dis- 
missed with  this  short  notice. 

15.  In  reference  to  the  sun  as  a  principal  source  of  heat,  the 
(juestion  will  recur,  whether  heat  is  a  peculiar  kind  of  ethereal 
mtter,  which  may  be  emitted  from  the  sun,  or  rather  according 
to  Herschel's  hypothesis  from  the  solar  atmosi^ere,  and  radiating 
dirongh  space  together  with  light,  be  absorbea  by  various  bodies 
on  the  surfaces  of  the  earth  and  other  planets,  producing  the  ef- 
fects of  sensible  warmth,  expansion  of  solids  and  fluids,  melting 
of  solids,  and  boiling  or  evaporation  of  liquids,  and  in  some  cases, 
destruction  of  substance  accompanying  chemical  combinations ; — 
or  whether  heat  and  its  concomitant  phenomena  just  mentioned 
may  not  arise  from  the  propaffation  of  motion  through  space ;  the 
son  or  its  atmosphere  being  the  grand  exciting  cause  of  heat,  and 
Broducing  it  in  a  manner  analogous  to  that  in  which  sound  is  pro- 
raced  by  a  bell. 

16.  According  to  the  former  mode  of  theorizing  we  must  admit 
the  existence  of  a  peculiar  penetrating  fluid  emanating  from  the 
legion  of  the  sun,  and  Entering  with  greater  or  less  facility  into 
all  terrestrial  bodies,  on  which  it  produces  its  characteristic  ef- 
fects: and  on  the  latter  supposition,  it  must  be  admitted  that 
there  exists  in  the  space  between  the  sun  and  the  planets  an  ethe- 
real medium  of  inconceivable  tenuity,  through  which  vibrations 
ean  be  propagated  with  velocity  immensely  beyond  those  to  which 
are  to  be  attributed  the  phenomena  of  sound. 

17.  Heat,  as  depending  on  the  influence  of  the  sun,  is  unequally 
distributed  over  the  surface  of  the  earth.  Owing  to  the  oblique 
position  of  the  earth's  axis,  the  solar  rays  fall  more  directly  on 
certain  parts  of  its  surface  at  one  season  of  the  year  than  at  ano- 
ther ;  and  the  inequality  of  effect  arising  from  this  cause,  is  in 
some  degree  comj^ensated  by  the  greater  length  of  time  during 
which  the  sun  shines  continuously  on  those  parts  of  the  earth 
where  the  direction  of  the  solar  rays  is  least  favourable.  Thus 
under  the  equator  the  length  of  the  days  never  exceeds  twelve 
hours,  while  they  increase  in  extent  on  proceeding  towards  the 
poles,  and  within  the  arctic  and  antarctic  circles,  the  sun  shines 
six  months  together,  and  then  for  six  months  remains  invisible. 

WliRt  part  is  acted  by  the  mn  on  the  sopposition  that  beat  is,mafe- 
rial? 

What  on  thMt  of  its  being  the  vibration  of  an  ethereal  fluid  ? 

Ill  what  manlier  is  the  beat  of  the  sun  distributed  over  the  earth  ? 

How  does  tlie  ohliqoity  of  tlie  sun's  annual  path  to  the  plane  of  the 
equAtor  affect  tlie  beat  of  diffei'eiit  parts  of  the  s\oVi«  \ 

2x2 


2M  PTIOIIOHIGS. 

18,  The  reladve  inflaenee  of  the  mm  as  tiia  eiiiae  of  heat,  a 
different  parts  of  the  earth's  sar^ce,  attracted  the  aiteatiaii  •( 
Dr.  Halley,  who  laid  die  result  of  his  obsenratioiis  before  the  Roya 
Society,  in  a  **  Discourse  coneeminflr  the  Proportional  Heat  of  lh( 
Snn  in  all  Latitades,  with  the  meSiod  of  oolleeting  the  same.' 
He  notices  the  influence  of  loeal  ciroumstances  on  the  temperalan 
of  different  re^yrions,  referring  to  the  efieet  of  the  nsighbonriiood  d 
high  mountains,  and  wide  saadj  deserts.  But  his  mnd  objaol 
was  to  ascertain  the  relation  betweeiL  temperatoie  and  latitude, « 
depending  on  the  direction  of  the  sun's  lays,  and  the  reapeelifi 
intenrals  auring  which  they  opeiaAe. 

19.  Since  the  beginniuff  of  the  present  eentnry,  a  Tast  numbei 
of  facts  have  been  aecumiuated  relatife  to  this  interesting  snbjeet; 
and  the  obsenrations  on  temperature  made  in  diffisfent  parts  c^tiH 
world,  and  especially  in  high  northern  latitudes,  hare  emblei 
men  of  science  to  form  much  more  aoenrate  conclusions  lelativi 
to  the  temperature  of  the  earth  as  influenoed  by  its  poaitioii  at  dil 
ferent  seasons  of  the  year,  than  those  deduced  firom  mere  Iheoreli 
oal  calculations. 

90.  From  a  comparison  of  the  researches  of  Humboldt  in  tin 
equatorial  regions  of  the  earth,  with  those  of  Captains  Sooresbj 
and  Parry  in  the  colder  climates  of  Ae  north,  it  has  been  oon 
eluded  that  there  must  exist  two  poles  of  maximum  cold,  one  ii 
America,  and  the  other  in  Asia;  and  tluit  the  utmost  depressioi 
of  temperature  takes  place,  not  at  the  nordiand  soutii  poles  of  thi 
earth,  but  at  those  imaginary  points.  Temperature  and  climati 
must  chiefly  depend  on  the  figure  of  the  great  continents  of  thi 
world ;  besides  which  there  are  a  Tariety  of  circumstances  whiol 
must  tend  to  modify  the  influence  of  solar  heat  as  connected  witl 
the  situation  of  places  on  the  surfhce  of  the  earth. 

21 .  Mr.  Atkinson,  in  a  paper  in  the  **  Memoirs  of  the  Astronomi' 
cal  Society  of  London,"  (vol.  ii.)  estimates  the  mean  temperature  d 
the  eqi!  rtor  at  860.55 ;  and  that  oif  the  pole  at— -100.53.  Mr.  Foibei 
regards  the  former  as  decidedly  too  great,  and  says  **  it  is  proba 
ble  that  the  mean  temperature  of  the  equator  does  not  exceed  81* Ji 
or  820."  The  mean  temperature  at  the  pole  can  only  be  inferred 
from  observations  at  very  high  latitudes ;  and  hence  the  following 
table  of  mean  temperature  becomes  interesting  and  important. 

Lat  Mean  Temp.  Obserrer. 

Melville  Island    -    -    -  74i^  - H^  -    -    -  Parry. 

Port  Bowen    -    -    -    -  73^    ----f-4      ---  The  same. 

What  point  did  Halley  seek  to  determine  in  regard  to  solar  heat  ? 

Is  the  temperature  of  different  parts  of  the  earth's  surface  dependest 
solely  on  latitude  ? 

.What  important  conclusion  has  been  deduced  from  the  reiemrehes  of 
travellers  in  the  polar  and  equatorial  regions  ? 

What  is  Mr.  Forbes^s  estimate  of  tlie  mean  temperature  of  the  eqof 
tor  ? 

How  can  we  infer  that  of  the  pole  f 

Whut  is  the  mean  temperature  of  the  vear  at  Melville  Island  f 

Wiukt  i§  its  distanee  in  de^reea  fraui  m  wk^^qI«  ? 
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Lilt  Mean  Temp.  Obacrvcr. 

Moolik 69}    ---4-7     ---  Parry. 

Winter  Island      -    -    .  66|    «         .  4.  9i|    .    •    .  'fhe  same. 
Fort  Enterprise  •    -    -  64}    •    -    -  -f  15^    -    -    -  Franklin. 

82.  **  M.  Aiagro  had  concluded  firom  the  results  of  Scoresby, 
Parryy  and  Franklin,  that  the  mean  temperature  of  the  pole  is  13^ 
Fah.  This,  however,  is  upon  the  idea  that  the  cold  is  at  a  maxi- 
mom  at  the  pole,  which  is  not  probable :  it  cannot,  however,  be 
mnch  short  of  that  intense  degree."* 

33.  The  relative  decrease  of  heat  in  ascending  above  the  sur^ 
face  of  the  earth  is  a  subject  highly  deserving  of  investigation. . 
Bftr.  Forbes  says,  '*The  true  law  of  decrease  of  temperature,  such 
as  it  would  be  if  the  earth  was  removed^  must  be  sought  for  proba- 
bly by  snccesave  stages  of  balloon  observation,  commencing  at  a 
considerable  height  above  the  surfiaice."  The  best  observations 
on  the  relative  diminution  of  heat  at  increasing  heights,  are  those 
of  Humboldt,  derived  from  experiments  made  in  the  equatorial  re* 
gions  of  America.  The  general  result  of  his  researches  gives  121 
tmses  of  ascent  for  a  diminution  of  1  deg.  of  Reaumur's  thermo- 
meter. Comparative  observations  at  Geneva  and  on  Mount  St. 
Bernard  affora  a  coincident  result  highly  remarkable,  the  difference 
of  mean  temperature  of  the  two  stations  being  8  deg.  64  min., 
Reaumur,  for  1069  toises,  whieh  gives  123^  for  1  deg.  Reaumur, 
or  352  feet  for  1  deg.  Fahrenheit ,  and  this  is  probably  the  most 
correct  mean  result  which  can  at  present  be  attained. f 

34.  An  inquiry  has  been  started  whether  the  climate  of  a  par- 
ticular place,  or  that  of  the  globe  in  general,  has  materially  altered 
during  the  period  of  historic  record ;  and  some  writers  have  been 
inclined  to  decide  in  the  affirmative,  alleging  the  statements  of 
historians  that  the  vine  was  cultivated  extensively  for  the  pro- 
duction of  wine  in  England  formerly,  though  the  summers  in 
that  country  are  now  too  cold  to  bring  the  fruit  to  the  requisite 
degree  of  maturity.  Circumstances  of  this  nature,  however,  can- 
not be  considered  as  decisive;  and  it  may  be  generally  con- 
cluded that  we  have  no  authority  for  assuming  such  a  change. 

25.  Yet  though  the  temperature  of  the  earth  may  be  regarded 
as  permanent,  so  far  as  it  depends  on  the  heat  derived  from  the 
sun,  there  seems  to  be  great  reason  for  believing  that  the  whole 

What  is  Arngo's  conclusion  respecting  polar  mean  tempemtui'e  ? 

How  is  the  decrease  of  temperature  above  the  earth's  surface  to  be 
known  ? 

What  appears  to  be  about  the  mean  rate  of  diminution  in  temperature, 
according  to  increase  in  heiglit  ? 

From  what  observations  has  tliis  result  been  obtained  } 

What  may  we  infer  respecting  the  present  eompared  with  former  states 
of  terrestrial  climates  ? 


*  Report  upon  the  Recent  Progress  and  Present  State  of  Meteorologjr. 
By  James  D.  Forbes,  F.  R.  S.,  in  Rep.  of  the  British  Association  for 
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mass  of  the  terrestrial  jgflobe  is  undergoing  a  grradaal  process  of 
cooling,  from  an  ori^ally  T6r^  intense  temperature.  Baron 
Fourier,  who  has  distmgruished  himself  by  his  investigations  re- 
lating to  this  curious  topic,  has  proved  that  the  heat  may  be  very 
intense  at  a  short  distance  firom  the  snr&ce,  and  yet  from  the  ex- 
tremely bad  conducting  power  of  the  crust  or  exterior  strata  of  Ae 
earth,  that  it  may  exert  no  sensible  influence  on  the  climate :  he 
actually  computes  it  as  not  amounting  to  1-30  of  a  degree  of  the 
centigrade  thermometer.  Towards  the  centre  of  the  earth  the 
heat  may  be  of  the  most  extreme  intensity,  and  Ae  phenomena  of 
earthquakes  and  volcanoes  may  be  imputed  to  its  influence. 

36.  The  process  of  cooling,  which  at  first  must  have  been  com- 
paratively rapid,  may  be  considered  as  having  reached  such  a  rate 
as  to  be  imperceptible.  From  experiments  made  at  Paris,  in  the 
caves  under  the  Observatory,  it  is  probable  that  the  influence  of 
the  solar  rays  does  not  extend  more  than  about  100  feet  beneath 
the  surface.  Therefore  the  heat  there  will  be  nearly  invariable ; 
and  throughout  the  superior  strata  a  constant  influx  and  efliux  of 
heat  must  be  going  on.  As  the  influence  of  the  sun  does  not  ex- 
tend beyond  a  certain  depth  beneath  the  surface  of  the  earth,  it 
might  be  expected  that  beyond  such  depth  the  temperature  would 
continue  the  same  all  the  year  round  in  every  inferior  stratum  re- 
latively to  its  position;  and  that  this  is  the  case  has  been  ascer- 
tained by  M.  Cordier,  from  a  collation  of  numerous  facts  observed 
in  Cornwall,  Saxony,  Brittany,  Switzerland,  America,  and  other 
parts  of  the  world.  It  also  appears  that  in  all  the  inferior  strata 
the  temperature  increases  as  we  descend,  without  any  exception : 
a  circumstance  decisively  proving,  that  there  must  be  a  source  of 
heat  in  the  centre  of  the  earth.* 

27.  Hence  it  may  be  concluded,  in  conformity  with  the  most 
rational  geological  speculations,  that  the  planet  which  we  inhabit 
was  at  a  very  remote  period  in  the  state  of  fusion,  and  like  other 
semi-fluid  masses  revolving  rapidly  under  the  influence  of  central 
forces,  it  has  assumed  its  peculiar  form,  a  flattened  spheroid. 
During  how  many  ages  the  terrestrial  globe  continued  to  emit  heat 
from  its  surface  before  compact  strata  were  formed,  such  as  the 
various  modifications  of  pnmitive  rocks  which  we  behold,  and 
how  much  longer  time  elapsed  before  those  rocks  became  the 

Ou  what  other  cause  than  solar  heat  does  climate  depend  ? 

What  conclusions  has  Fourier  derived  from  his  invesligationt  of  this 
subject  ? 

To  what  cause  may  earthquakes  and  volcanoes  be  imputed  ? 

To  what  depth  beneath  the  surface  of  the  ground  does  the  influence  of 
solar  heat  probably  extend  ? 

What  is  constantly  taking  place  at  levels  above  the  invariable  gtratum? 

How  is  the  temperature  or  the  strata,  below  the  invariable  one,  found 
to  be  at  different  seasons  } 

What  relation  has  it  to  the  depth  of  the  several  lower  beds  ? 

What  does  this  prove  in  regard  to  the  temperature  of  the  central  parts 
of  the  earth  ? 
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Vaau  of  ^is  world  of  land  and  wativ,  numeronsly  peopled  with 
living  beings  as  at  present,  it  would  be  utterly  useless  to  attempt 
to  coniectore.  It  is  sufficient  for  us  to  be  able  to  state,  as  the  re- 
sult of  the  most  accurate  and  extensive  observations,  that  the  in- 
ternal heat  of  the  earth  no  longer  affects  in  a  sensible  decree  the 
temperature  of  its  surfieuse,  or  of  the  strata  immediately  beneath 
the  surface ;  and  therefore  the  varieties  of  climate,  and  the  alter- 
nations of  heat  and  cold  in  the  different  seasons  of  the  year,  as 
well  as  die  changes  attributable  to  incidental  causes,  are  chiefly 
owing  to  the  influence  of  the  sun,  as  the  general  efficient  source 
of  heat.* 

28.  Among  the  mechanical  means  of  producing,  or  rather  of 
exciting  heat,  friction  is  perhaps  the  most  usual  and  effective.  In 
sawing  wood,  or  boring  metal,  it  may  be  observed  that  the  sub- 
stances thus  exposed  to  friction  soon  become  sensibly  warm. 
The  wheels  of  carriages  sometimes  take  fire,  from  friction  against 
the  axles  when  in  rapid  motion.  In  some  rude  countries,  as  in 
Patagonia,  the  inhabitants  avail  themselves  of  this  mode  of  pro- 
curing file.  TfaiB^  either  rub  toother  two  pieces  of  hard  dry 
wood  till  flame  arises,  or  more  artificially  insert  the  blunt-pointed 
extremity  of  a  rod  of  hard  wood  in  a  small  cavity  in  a  thick  plank^ 

What  bearing  have  the  obaerred  laete  in  regard  to  subterranean  heat 
upon  geol^caf  theories  ? 

What  eflwet  has  the  ioteroal  heat  of  the  earth  on  the  temperature  of 
its  sarfaee  ? 

By  what  meehanieal  means  may  lieat  be  excited  } 

What  remarkable  faeti  prove  the  efHcacy  of  friction  in  producing 
heat.> 

*  Some  very  remarkable  instances  have  been  recoi*ded  of  extreme 
heat,  as  noticed  by  several  observers.  In  Winkler's  Elements  of  Natu- 
ral Philosophy,  vol.  i.  pp.  179 — 183,  are  two  tables  of  very  high  and  very 
low  temperatures  observed  at  different  tiroes,  and  in  various  situations, 
csolleeteg  by  Professor  Heinsius.  The  highest  atmospheric  temperature 
whieh  he  records  was  observed  at  Senegal,  on  the  coast  of  Africa,  in  lat 
16^  N.  when  the  heat  was  86^^  of  Deli^e's  thermometer,  corresponding 
to  108^**  Fahrenheit.  This  temperature  was  considerably  below  that  ob- 
served at  Bagdad,  in  August,  1819,  as  stated  in  the  Journal  of  Science, 
Literature,  and  the  Arts,  edited  at  the  Royal  Institution,  1820,  vol.  is. 

B.  4S3.  *«  On  the  26th  of  August,  last  year  (1819),  the  thermometer  at 
agdad  rose  in  the  shade  to  120°  Fahrenheit,  ana  at  midnight  was  108": 
many  persons  died,  and  the  priests  propagated  a  report  that  the  day  of 
judgment  was  at  hand."  The  greatest  heat  accurately  observed  in  Eng- 
land, of  whieh  we  have  authentic  accounts,  took  plnce  in  1808  and  1825  ; 
July  13, 1808,  the  thermometer,  according  to  the  Royal  Society's  Regis- 
ter, roae  to  9^^5  ;  and  Mr.  H.  Cavendish's  thermometer  at  Clapham,  to 
96**.  Dr.  Heberden  observed  the  heat  in  July,  1825,  and  found  that  on  the 
18th  of  that  mondi  the  thermometer  stood  at  96°,  and  on  the  following 
day  at  95°.— See  Philos.  Trans.  1826,  part  ii.  p.  69. 

In  different  parts  of  the  United  States  the  thermometer  is  freouently 
known  to  rise,  for  a  few  hours  at  a  time,  to  95  or  100  degrees.  On  the 
8th  and  9th,  26(h  and  27th  of  July,  1834,  the  thermometer  in  Philadel- 
phia stood  at  frrnn  94  to  98  degrees,  according  to  diffetaivV  cs.^v^vit^^'— 
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awl  tVBiof  it  wilk  graat  Tdoci  t]r  belwtMBi  their  hmaim  thoa  Mam 
apwki  and  flaiM* 

.  39*  Count  Rpinfoid  inadtnted  aoaie  importmnt  expamMiii  ca 
the  effiwl  dT  friction  in  prodneing  heat.*  Hafing  obeertwad  Ifart 
gieat  heat  waa  excited  durihg  the  operatkin  ctf  boring  eaanoav  her 
procured  an  onhored  cannon,  with  the  laige  pro^ectbif  pieee  twe 
feet  beyond  ita  surfiMse,  which  ia  naaaUy  eaat  with  the  cuoHn  to 
ensure  its  solidity;  this  prmeeting  pieee  wia  boared  aasd  radaesd 
to  the  form  of  a  hollow  eyiinder,  attached  to  the  ieaa»on  by  a 
BinaU  neck;  the  apparatna  being  wxtpped  is  flannel  to  pmaat 
the  escane  of  heat,  it  was  made  to  leroife  on  its  axes  by  die 
power  ot  horsea,'  while  A  atari  borer  pwafced  againat  fh»  bottom 
0^  the  cylinder.  The  temperalvre  of  tha  metal  «yfae  eooHMBBa-^ 
ment  of  the  opeiatifm  Waa  GO  defc*  and  the  cyliDder,  having  aaada- 
960  reyolntions  in  half  an  hoor,  it  Waa  atopped,«[id  the  teameva- 
tnre  was  found  raised  to  130  deg.  In  anottier  expaimeiit  n  bonr 
Wts  made  to  revolye  in  a  cylinder  of  bsaaa*'  partly  bovedy  thir^ 
two  timea  ia  a  minute  $  the  cylinder  waa  ineloaedin  a  boz^onfeaii^ 
lag  18  pounds  of  water,  the  teBq>eratne.of  whidt  wan  atfint  CO 
d^.,  but  rose  in  an  hour  to  107,  and  in  two  honra  and  a  half  the 
water  boiled* 

Stockenschneider,  an  ingenious  mechanic  of  Nienbnig  on  the 
Weaer,  iuTeated  a  maehiBe,  by  aaeina  of  iHueh  gnat  heatiadght 
be  produced,  and  water  boiled. by  fridj^on. 

30.  Air  does  not  appear  to  M  aeeeesary  to  tte  prodnetica  of 
heat  by  the  attrition  of  solid  bodies.  Boyie  procured  sendUe 
heat  by  making  two  pieces  of  brass  move  rapidly  in  contact  under 
an  exhausted  recelTer.  Pictet,  of  GeneVa,  repeated  the  experi- 
ment with  success,  and  found  that  the  introduction  of  a  soft  sub- 
stance between  the  rubbinff  surfaces,  such  as  cotton,  occasioned 
an  increase  of  heat.  Sir  H.  Davy  insulated  an  apparatus  for  ex- 
citing heat  by  friction,  by  placing  it  on  ice,  in  the  yacuum  of  an 
air-pump,  under  which  circumstances  heat  was  produced.  He 
likewise  ascertained  that  two  pieces  of  ice  might  be  melted  by 
rubbing  against  each  other,  eitner  in  tiie  air  of  a  room  below  the 
freezing  point,  or  under  an  exhausted  receiyer • 

Whftt  praetice  among  nide  nations  it  founded  on  this  prinei^e  f 
In  what  manner  did  Knmford  investigate  the  relation  ot  beat  to  fi*ictioa  1 
To  what  result  do  his  experiments  eonduot  us.^ 
What  applications  have  been  made  of  this  prineiple  ? 
What  extraoadinary  results  were  obtained  ny  Davy  ia  his  experiments 
on  friction  ? 

*  The  experiments  of  Ramford  seem  to  prove  the  ineorreelneas  of  that 
theory  which  ascribes  a  noaterial  character  to  caloric ;  and  as  be  ascer> 
tained  that  the  borir^  taken  from  his  cannon  had  not  undergone  any  di- 
minution of  capacity  for  heat,  it  is  difficult  to  ascribe  the  vast  amoaat  of 
heat  developed  to  any  other  cause  than  the  vibration  of  the  netal  pro- 
duced by  the  mechanical  operations  of  rubbine  and  abrading.— En. 

t  A  plan  has  been  staiHed  in  New  England  of  beating  manulactories 
and  other  buildings  br  the  friction  of  ntetallie  wheels,  aetiuUcd  by  the 
Mfimv  moving  power  whidh  <\rWe%  t^e  maeblvienf .— En, 
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31 .  Compression  prodaces  heat  either  in  solids,  liquids,  or  gases. 
An  iron  bar  may  be  hammered  till  it  is  red  hot;  and  water  strongly 
compressed  gives  out  heat,  as  appears  from  the  experiments  of 
Dessaignes,  as  well  as  from  the  interesting  researches  of  Mr. 
Perkins  on  the  compressibility  of  liquids,  which  have  been  noticed 
elsewhere.*  Solids  also  give  out  heat  when  violently  extended, 
as  may  be  ascertained  by  stretching  quickly  a  piece  of  Indian 
robber,  and  immediately  applying  it  to  the  lip,  when  a  sensible 
degree  of  warmth  will  be  felt.  Mr.  Barlow,  in  his  acoount  of 
tome  experiments  on  the  cohesion  of  malleable  iron,  states  it  as  a 
curious  fact,  and  deserving  the  attention  of  philosophers,  that  fre- 
quently at  the  moment  of  rupture  the  bar  acquired  such  a  degree 
of  heat  in  the  fractured  part  as  scarcely  to  suffer  a  person  to  hold 
the  bar  grasped  in  his  hand,  without  a  slight  painful  sensation  of 
boming.f 

33.  But  the  effect  of  compression  is  exhibited  in  a  more  striking 
manner  in  the  production  of  heat  from  gaseous  fluids,  as  common 
air.  When  air  is  forcibly  compressed  by  driving  down  the  piston 
of  a  syrinige,  nearly  closed  at  the  end,  grreat  heat  is  produced; 
and  syringes  have  been  construced  for  the  express  purpose  of 
procuring  fire,  ^e  heat  evolved  by  the  compression  of  air  in  this 
manner  being  sufficient  to  kindle  dry  tinder  or  tonchpaper. 

33.  The  chemical  operations  in  the  progress  of  which  heat  is 
produced  are  numerous,  and  amon^  the  most  remarkable  causes 
fif  the  evolution  of  heat  from  bodies  becoming  united,  so  as  to 
form  chemical  compounds,  are  those  arising  from  combustion.  All 
substances  are  not  capable  of  undergoing  combustion,  and  hence 
the  division  of  bodies  into  two  classes,  namely,  combustibles,  or 
inflammable  bodies,  and  incombustibles,  or  non-inflammable  bo- 
dies. Among  the  former  are  vegetable  substances  in  general,  as 
wood, charcoal,  and  oils;  most  animal  substances,  as  hair,  wool, 
horn,  and  fat ;  and  all  metallic  bodies. 

34.  The  class  of  non-combustibles  includes  stones,  glass,  and 
salts.  The  latter,  when  exposed  to  high  degrees  of  heat,  under 
soch  circumstances  that  they  cannot  undergo  chemical  decompo- 
sition, may  be  made  to  display  the  usual  appearance  of  fire,  or  the 
combination  of  light  and  heat,  variously  desigrnated  by  the  terms 
^[lowing,  red  heat,  or  white  heat,  denoting  different  degrees  of 
incandescence,  and  when  no  alteration  has  been  product  by  the 
high  temperature  to  which  they  may  have  been  exposed.  But 
combustible  bodies  are  very  differently  affected  by  heat.    Some 

What  eftlorifio  aetion  attends  roeehanioal  eompressioD  } 

Wliieh  class  of  natural  bodies  illustrates  most  strikingly  the  influence 
of  condensation  } 

What  dlTision  of  bodies  has  been  formed  in  reference  to  the  property 
of  andergoing  combustion  ? 

What  natural  substances  belong  to  each  of  these  classes  ? 

Describe  the  effects  of  heat  on  these  different  classes. 

"■~»»-"^^^        •^^•^•^  ^— ^-^        ^—^^^-^—^^  ^^1—^—^—^^^ 

*  See  Treatise  on  HydroetoHct^  Nos.  tS— tS. 
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of  them  at  comparatively  low  temperataies  become  combined  with 
the  oxygen  gas  contained  in  the  atmosphere  around  them,  and 
they  all  undergo  similar  transformationg  at  certain  temperatiiree, 
and  during  such  processes  heat  in  the  form  of  fire  is  frequently 
exhibited. 

35.  Among  the  simple  instances  of  the  effect  of  chemical  com- 
bination in  causing  the  appearance  of  heat  may  be  noticed  the 
increase  of  temperature  that  takes  place  when  water  is  mixed 
with  alcohol,  and  which  may  be  readily  perceiTed  on  applying  the 
hand  to  a  phial  containing  the  two  fluids  just  after  they  havebeen 
introduced  into  it.  But  Uie  mixture  of  water  with  sulphuric  acid, 
or,  as  it  is  commonly  called,  oil  of  vitriol,  causes  a  much  greater 
augmentation  of  temperature  than  the  preceding;  lor  if  an  ounce 
of  sulphuric  acid  be  poured  into  a  bottle,  containing  ei^ht  ounces 
of  water,  the  glass  will  be  so  much  heated  as  to  render  it  impossi- 
ble to  hold  it ;  and  a  more  violent  heat  may  be  produced  by  increas- 
ing Uie  proportion  of  the  acid. 

CharaderigHe  Effects  or  Properties  of  Heat, 

1.   DILITATIOir   OB  EXPANSION  OF  BOMBS. 

36.  The  most  obvious  and  direct  effect  of  beat  or  exaltation  of 
temperature  is  to  add  to  the  bulk  of  the  heated  body,  or  to  increase 
its  dimensions,  generally  in  all  directions.  This  takes  place  in 
solids,  liquids,  and  gases,  without  altering  their  essential  proper- 
ties. The  expansive  effect  of  heat  on  solids, 
may  be  exhibited  by  means  of  a  cylindrical 
bar  of  iron,  as  represented  in  the  mazginal 
figure.  When  cold,  it  will  be  found  that  the 
cylinder  A  B  will  exactly  fit  into  the  space 
C,  in  the  brass  gauge  annexed ;  and  it  will 
also  pass  through  the  aperture  D ;  but  when 
heated  by  plun^n?  it  for  some  time  into  boil- 
ing water,  it  will  be  so  much  expanded  that 
it  will  no  longer  fit  into  the  space,  or  enter 

the  aperture.  If  the  bar  be  cooled,  either  slowly  by  exposure  to 
the  air,  or  suddenly  by  covering  it  with  ice  or  snow,  it  will  again 
be  contracted,  and  pass  into  uie  cavities  as  before.  The  more 
highly  the  bar  is  heated  the  greater  will  be  the  amount  of  its  ex- 
pansion ;  and  on  the  contrary,  when  cooled,  its  contraction  will  be 
in  proportion  to  the  reduction  of  its  temperature. 

37.  The  effect  of  heat  in  expanding  solid  bodies,  and  especially 
metals,  has  been  advantageously  applied  to  practical  purposes. 

What  examples  illustrate  the  effect  of  chemical  combination  on  the  de- 
▼elopement  of  hi*at  ? 

What  immediate  alteration  follows  the  increase  of  temperature  in  all 
forms  of  matter  } 

In  what  manner  may  it  be  easily  exhibited  in  the  case  of  solid  matter? 

Whut  useful  applicationi  are  okade  of  expansion  in  the  eommon  arts 
QfJifef 
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Thus  coopers,  in  fixin?  iron  hoops  on  a  caslc,  make  them  previoiuly 
▼err  hot,  and  bein^  adapted  in  that  state  to  the  periphery  of  the 
caflik,  their  contraction  in  cooling  binds  together  tiie  stayes  of  the 
cask.  Wheelwrights  also  nail  on  the  iron  tire  or  band,  while  it  is 
nearly  red  hot,  to  the  wooden  wheel  of  a  carriage,  and  as  the  metal 
contracts  in  cooling,  it  clasps  the  parts  firmly  together. 

38.  The  expansibility  and  contractibilitf  of  iron  as  an  effect  of 
temperature  demands  the  particular  attention  of  architects  and  en- 
gineen,  now  that  metal  is  so  frequently  substituted  for  wood  and 
stone  in  the  construction  of  roofs  of  buildings,  pillars,  arches,  and 
for  other  purposes.  Due  allowance  should  always  be  made  for 
any  alteration  of  dimensions  in  metallic  beams  or  supporters,  de- 
pending on  alternations  of  heat  and  cold  at  different  seasons  of 
the  year,  or  arising  from  other  causes.  In  the  iron  arches  of  South- 
wark  Bridge,  erected  by  the  late  Mr.  John  Rennie,  over  the  Thames, 
the  extreme  yariations  of  atmospheric  temperature,  occasion  a  di^ 
ference  of  height  at  different  times,  amounting  to  about  one  inch. 

39.  A  curious  example  of  the  influence  of  heat  on  the  dimen- 
sions of  solids  was  exhibited  some  years  since  at  Paris,  in  the 
method  adopted  for  restoring  to  a  perpendicular  direction  the  de» 
dining  walls  of  a  gallery  in  £e  Abbey  of  St.  Martin,  now  the  Con- 
servatofy  of  Arts  and  Trades.  The  weight  of  the  roof  had  pres- 
sed outwards  the  side  walls  of  the  structure,  and  excited  appre- 
hensions for  its  safety,  when  M.  Molard  contrived  to  render  it 
secure  by  the  following  process :  Several  holes  were  made  in  the 
walls  opposite  to  each  other,  through  which  were  introdnced  iron 
bars  stretching  across  the  gallery,  with  their  extremities  extending 
beyond  the  walls;  and  to  these  projecting  parts  were  screweS 
strong  iron  plates,  or  rather  large  broad  nuts.  Each  alternate  bar 
was  then  heated  by  means  of  powerful  lamps,  and  their  lengths 
being  thus  ivsreasea,  the  nuts  which  had  become  advanced  beyond 
the  walls  were  screwed  np  close  to  it,  and  the  bars  suffered  to 
cool.  The  powerful  contraction  of  the  bars  drew  closer  the  walls 
of  the  building ;  and  the  same  process  being  applied  to  the  inter- 
mediate bars,  and  repeated  several  times,  the  waUs  were  gradually 
and  steadily  restorea  to  the  upright  position,  and  the  danger  appre- 
hended from  their  declension  was  averted. 

40.  Musschenbroek  ascertained  that  heat  not  only  expands  me- 
tals, but  also  different  kinds  of  stones,  chalk,  burnt  brick,  and 
gflass*  Such  substances,  however,  must  be  perfectly  fieed  from 
moisture,  otherwise  increase  of  temperature  will  occasion  contrao- 
tion  of  volume,  by  dissipating  the  moisture.  Thus  wood  some- 
times acquires  an  increase  of  specific  gravity  by  drying.    From 

To  whftt  elaises  of  artisans  is  this  bnineh  of  the  iubjeet  partiealarlj 
iomorHint  ?    Why  f 

What  exeroplifieation  of  this  is  seen  in  bridge  baildin|[  ? 

Deseribe  the  method  of  Molard  to  restore  walls  to  their  vertieal  poii* 
tion. 

In  what  ease  maj  an  apparent  contraetion  follow  the  «^\V«i?i^Tk  ^t 
heat/ 

SB 
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some  experiments  to  determine  the  weight  of  different  kinds  of 
wood  at  various  degrees  of  drjrness,  recorded  by  Mr.  Bariow,  it 
appears,  that  in  some  cases  there  is  a  considerable  aaementation 
of  specific  grari^.  A  piece  of  Riga  fir,  1 1  inches  thick,  lost  i  of 
an  inch  in  seasomog,  and  the  weight  of  a  cubic  foot  was  increased 
from  546  ounces  to  562 ;  a  piece  of  American  pitch  pine,  7^  inches 
in  thickness  lost  i  of  an  inch,  and  the  increase  of  weight  of  a  cabic 
foot  was  as  518  to  524 ;  a  block  of  Hali&x  spruce  spar,  5^  inches  in 
diameter,  was  reduced  to  5i,  and  the  difference  of  specific  gtvnty 
was  as  541  to  544 ;  and  a  block  of  Canada  spruce  spar,  4|  inches 
in  diameter,  lost  i  of  an  inch,  and  the  difiference  of  specific  gravity, 
or  weight  of  a  cubic  foot,  was  in  the  ratio  of  485  to  513 ;  but  in 
most  other  cases,  the  loss  of  weight  was  greater  in  proportion  than 
the  diminution  of  bulk,  so  that  the  specific  gravity  was  dimi- 
liished.* 

41.  The  effect  of  temperature  in  the  expansion  and  contraction 
of  glass  is  an  object  oi  common  observation,  and  becomes  the 
cause  of  frequent  accidents.  Though  the  degree  of  expansion 
which  takes  place  in  fflass  at  any  griven  temperature  is  proportion- 
ally much  less  considerable  than  that  produced  in  metals,  platina 
excepted,  yet  from  the  irregularity  of  the  effect,  glass  is  easily 
broken  by  the  sudden  application  of  heat.  Glass  goblets  and 
tumblers  are  very  liable  to  fracture,  when  water  heated  almost  to 
the  boiling  point  is  poured  into  them ;  and  the  dan^r  will  increase 
in  proportion  to  the  thickness  of  the  glass ;  for  this  substance,  ad- 
mitting heat  to  pass  through  it  but  slowly,  the  inner  surface  be- 
comes heated  and  distended  by  the  hot  water  before  the  outer  sur^ 
face,  and  the  irregular  expansion  causes  the  vessel  to  break.  In 
this  manner,  the  glass  chimneys  now  in  general  use  for  oil-lamps 
and  gas-burners  are  often  destroyed.  M.  Cadet  de  Yaux  states 
that  the  danger  of  fracture  may  be  prevented  by  making  a  minute 
notch  in  the  l>ottom  of  the  tube  with  a  diamond ;  and  in  an  estap 
blishment  where  six  lamps  were  lighted  every  day,  this  precautioa 
being  adopted,  not  a  single  ^lass  was  broken  by  heat  in  the  course 
of  nine  years.  A  bottle  of  wine  placed  near  the  fire  in  cold  weather, 
will  sometimes  fly,  as  it  is  termed,  especially  if  a  draught  of  air 
falls  on  one  side  while  the  other  is  receiving  heat;  and  the  glass 
cylinder  or  plate  of  an  electrical  machine  may  be  cracked  and 
spoiled  by  incautiously  placing  it  in  a  similar  situation.     . 

42.  On  the  relative  expansibility  of  different  metals  by  heat  de- 
pends the  operation  of  compensating  pendulums,  used  for  time- 
keepers and  astronomical  clocks.f 

Is  the  1001*6886  of  density  a  aniforin  result  of  the  pi*oce8a  of  drying 
wood  ? 

State  the  experiments  on  this  sobjeet. 

What  peculiar  quality  in  glass  renders  the  effect  of  expansion  in  that 
substance  conspicuous  ? 

How  does  Cadet  de  Vaux  prevent  the  fraoture  of  lamp  glasses  by  beat  ? 

*  See  Eocyclop.  MetropoL — Mixed  Sciences,  vol.  i.  p.  186. 
f  See  Treatiie  on  JMecAamct,  l^o.  Sta^ 
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43.  The  influence  of  heat,  as  a  dilating  or  expanding  power, 
tplied  to  liquids,  is  greater  than  in  the  case  of  solids.  But  the 
igree  of  action  which  it  exerts  is  different  with  respect  to  difle- 
at  liquids ;  so  that  ether  is  more  readily  expanded  than  rectified 
iiit,  the  latter  is  more  expansible  than  water,  and  water  more  so 
wi  mercury.  This  might  be  experimentally  demonstrated  by 
lioff  the  bulb  of  a  large  thermometer  tube  with  each  of  these 
loms  in  succession,  and  then  presenting  the  bulb  to  a  lamp  at 
ncisely  the  same  distance,  and  observing  the  height  to  which 
e  liquid  would  rise  in  each  case  in  a  given  time. 

44.  As  different  liquids  undergo  different  degrees  of  expansion 
;  the  same  temperature,  so  the  expansibility  of  one  liquid  will 
B  found  to  increase  or  diminish  under  variations  of  temperature 
I  a  different  ratio  from  those  which  regulate  the  expansion  of 
ther  liauids.  This  irregular  effect  of  heat  is  chiefly  observable 
I  liquids  which  boil  at  a  comparatively  low  temperature,  as  is 
le  case  with  water ;  while  mercury,  which  requires  a  great  de- 
lee  of  heat  to  make  it  boil,  or  become  evaporated,  undergoes 
early  the  same  amount  of  expansion  by  the  addition  of  any  given 
aantity  of  heat,  whether  at  a  I'oW  or  high  temperature;  and 
jence  its  utility  in  the  construction  of  instruments  for  measuring 
Bat. 

45.  The  influence  of  temperature  on  the  bulk  or  dimensions  of 
triform  bodies,  whe^er  permanent  or  non-permanent,  is  more 
Irikingly  exhibited  than  in  the  case  of  the  liquids  or  solids.  This 
ny  be  ascertained  by  taking  a  bladder  half  filled  with  air,  and 

r^  it  so  that  none  can  escape,  when,  if  it  be  held  near  the  fire, 
included  air  will  expand  till  the  bladder  is  fully  distended ; 
ad  if  while  in  that  state  it  be  plunged  into  cold  water,  the  air 
rill  contract  in  bulk,  and  the  bladder  become  flaccid.  Such  a 
ladder  if  very  thin,  would  form  an  air-balloon,  which  would  as- 
endy  when  heated,  to  the  ceiling  of  a  lofty  room,  and  fall  down 
s  soon  as  by  the  gradual  cooling  of  the  air  within  it  the  specific 
liavity  of  the  mass  was  reduced  below  that  of  an  equal  body  of 
lie  sarroundin?  air.  The  expansibility  of  air  by  heat  may  also 
e  demonstrated  by  means  of  the  apparatus  represented  below. 

46.  It  consists  of  a  long  glass  tube  A  B,  with 
a  bulb  at  one  end,  and  open  at  the  other,  which 
is  plunged  into  the  jar  of  water  C ;  then  on 
heating  the  bulb  by  means  of  the  lamp  D,  the 
air  wiSiin  the  tube  will  become  expanded,  and 
issuing  in  lar^  bubbles  from  the  aperture  B, 
it  will  rise  rapidly  through  the  water  in  the  jar. 
On  removing  the  lamp  after  a  considerable  por- 
tion of  the  air  has  been  expelled,  the  water  will 
rise  in  the  tube  to  supply  its  place,  as  the  tube 

How  are  liquid  and  solid  bodies  eomparatively  affected  by  increase  of 
smperature  ? 
What  relation  have  the  different  liquids  to  each  other  xn  vYv\%Tt«^^x.\ 
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cools.  The  reapplication  of  the  lamp  to  the  bulb  af  a  greater  dis- 
tance than  before  will  again  dilate  the  included  air  and  depress 
the  water  in  the  tabe ;  and  the  liquid  may  be  made  thus  to  rise 
and  &11  alternately  by  coolinff  and  heating  the  bulb. 

47.  It  is  of  importance  to  obsenre  that  airs,  gases,  and  Tapours, 
are  all  alike  affected  by  given  quantities  of  heat;  that  is,  they  not 
only  all  expand  in  the  same  proportion  at  certain  degrees  of  tem- 
perature, but  their  rate  of  expansion  under  any  increase  of  tem- 
perature is  likewise  uniform.  In  this  respect  it  will  be  perceiyed 
that  gaseous  bodies  differ  firom  solids  and  liquids ;  for  wnile  both 
the  latter  kinds  of  matter  display  the  utmost  dissimilarity  in  their 
relations  to  heat  as  an  expanding  power,  the  former  always  under- 
go expansion  in  exact  proportion  to  the  degree  of  temperatoie  to 
which  they  are  exposed. 

Instruments  for  Measuring  Heai, 

48.  The  universal  influence  of  heat  on  the  dimensions  of  ma* 
terial  substances  affords  a  convenient  method  of  estimating  the 
relative  quantity  of  heat  which  will  produce  any  -given  effect ;  for 
since  it  appears  that  a  certain  increase  of  temperature  will  always 
be  accompanied  by  a  certain  degree  of  expansion  of  bulk,  it  fol- 
lows, that  if  we  can  estimate  correctly  the  degree  of- expansion  in 
any  given  case,  we  may  thence  infer  the  amount  of  temperature. 
Upon  this  principle  depends  the  utUity  of  those  philosophical 
instruments  called  Thermometers*  and  ryrometers.f 

49.  Among  the  former  of  these  instruments  is  that  which  fre- 
quently accompanies  the  barometer,  indicating  by  the  expansion 
of  mercury,  or  some  other  fluid,  the  relative  temperature  of  the 
atmosphere,  at  different  times  or  places.  The  mercurial  thermome- 
ter consists  essentially  of  a  glass  tube  with  a  bulb  at  one  extr^oaity, 
and  which  having  been  filled  with  mercury  at  a  certain  tempera- 
ture, introduced  through  the  open  end,  has  been  hermetically  seal- 
ed while  full,  so  that  no  air  can  afterwards  enter  it.  As  the  tube 
and  mercury  in  it  gradually  become  cooled,  the  inclosed  fluid  con- 
tracts and  consequently  smks,  leaving  above  it  a  vacant  space  or 

In  what  degree  will  the  same  liquid  be  found  ex)Minded  bj  equal  quan- 
tities of  heat  when  applied  to  it  at  different  temperatures? 

In  what  class  of  liquids  is  this  principle  most  strikinglj  verified  ? 

How  is  the  effect  of  temperature  on  aeriform  bodies  exhibited  ? 

How  maj  the  aseent  of  a  mass  of  heated  air  be  visiblj  illustrated  ? 

Explain  the  manner  in  which  the  expansion  of  air  is  proved  by  heating 
a  glass  bulb. 

How  are  the  different  kinds  of  air  and  vapour  relatively  expanded  by 
heat  ? 

Of  what  use  to  science  and  arts  is  the  principle  of  expansion  } 

Of  what  does  the  mercurial  thermometer  consist  ? 

What  two  points  are  usually  established  on  the  tube  before  graduating 
the  scale  of  a  thermometer  ? 


•  From  the  Greek  6ip;«os,hot«  or  et^K^i^Uefiit^  and  Mit^sv,  a  measure. 
T  from  nwp,  fire,  and  Mit^^v 
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^iwmiim,  through  which  it  may  again  expand  on  the  applicatioa 
of  heat.^  To  such  a  tube  it  is  necessary  to  add  a  scale  snowing  at 
what  height  the  mercury  will  stand  at  the  temperature  of  freezmg 
water,  and  what  will  be  the  rate  of  expansion  at  any  other  point, 
as  that  of  boiling  water,  together  with  the  amount  of  expansion 
at  regular  intervSs  between  those  two  points. 

50.  In  what  is  called  the  centigrade  thermometer,  now  used  in 
France,  the  freesing  point  of  water  is  marked  on  the  scale  zero  (0^^ ; 
and  the  boiling  point  100°,  the  intermediate  space  being  accordmgly 
divided  into  one  hundred  equal  parts,  regularly  marked  and  num- 
bered ;  and  as  the  scale  may  be  continued  to  any  required  extent,^ 
above  or  below  zero,  any  degree  of  temperature  may  be  thus  as* 
certained,  at  least  between  uie  freezing  and  the  boiling  points  of 
mercury ;  and  as  this  metallic  fluid  requires  a  far  more  intense 
cold  than  water  does  to  make  it  freeze,  so  it  will  take  a  much 
greater  decree  of  heat  to  make  it  boil ;  and  the  scale  may  thus  be 
extended  m  both  directions.  Mercury  freezes  at  40  deg.,  or  40 
centigrade  degrrees  below  zero,  or  the  freezing  point  of  water ;  and 
it  boils  or  becomes  sublimed,  in  vacuo,  at  -f  350  deg.,  that  is,  it 
takes  a  higher  temperature  by  250  centigrade  degprees  to  make  it 
boil  than  is  re(]uirea  to  make  water  boil. 

51.  Any  fluid  mi^t  be  employed  to  mark,  by  its  relative  ex* 
fusion  and  contraction,  the  temperature  to  which  it  miffht  be  ex- 
posed; and  thus  sulphuric  acid,  water,  alcohol,  oil,  and  air,  have 
been  varidusly  adopted  in  the  construction  of  thermometers  for 
diflferent  purposes.    The  invention  of  this  useful  instrument  ap- 
pears to  have  occurred  in  the  early  part  of  the  seventeenth  century ; 
and  the  mode  of  measuring  heat  first  employed  was  by  observing 
the  expansion  of  air  confined  in  a  ^ass  tube.    It  is  rather  uncer- 
tain with  whom  this  idea  originated ;  but  among  those  who  have 
laid  claim  to  it  may  be  mentioned  Cornelius  Drebbel,  of  Alkmar, 
in  Holland,  and  Santo  Santorio,  professor  of  medicine  at  Padua, 
in  Italy ;  and  it  is  not  improbable  that  this  method  of  discovering 
the  relative  effect  of  high  or  low  temperature  may  have  been  in- 
dependently adopted  by  both  those  ingenious  men.    Drebbel,  who 
passed  some  part  of  his  life  in  England,  in  the  reign  of  Charles  I., 
certainly  introduced  the  knowledge  of  the  thermometer  into  that 
country. 

52.  '^The  oriffinal  thermometer  was  a  very  imperfect  instrument. 
It  consisted  of  a  glass  tube  with  a  bulb  turned  upward,  and  the 
lower  portion  of  the  stem  partly  filled  with  a  coloured  liquid,  and 
inverted  in  a  globular  bottle  partially  filled  with  the  same  liquid ; 
80  that  the  portion  of  air  included  in  the  bulb  and  upper  part  of 
the  tube  was  exposed  to  atmospheric  pressure,  and  therefore  the 

How  is  the  freezing  point  marked  on  the  eentigrade  thermometer? 
How  the  boiling  point? 

At  what  temperature  on  that  scale  does  mercury  freeze  ?  and  at  what 
po'nt  does  it  boil  ? 
Br  whom  and  at  what  period  was  the  thermometer  invented  ? 
What  was  the  construction  of  tiie  original  thermometer  ? 
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effect  of  heat  on  it  cotild  not  be  accnratelj  appreciated.  It  was 
indeed  merely  adapted  to  afford  a  general  estimate  of  the  influence 
of  temperature  on  the  bnlk  of  air ;  much  in  the  same  manner  as 
it  is  eihibited  by  the  apparatus  previously  described.*  This  kind 
of  thermometer  was  improved  by  the  French  philosopher  Amon- 
tons ;  and  Leslie,  Wollaston,  and  others,  hare  adopted  several 
modifications  of  the  air-thermometer,  as  a  delicate  instrument  for 
indicating  trifiingr  variations  of  temperature;  but  the  extreme  sen- 
sibility of  air  to  the  impression  of  heat  must  ever  confine  its  utility 
to  suchpurposes  as  those  just  mentioned. 

53.  Tne  greatest  defect  in  the  early  thermometers  arose  from 
the  want  of  a  reg^ar  scale  of  temperature,  with  fixed  points  to 
form  a  medium  of  comparison  between  the  effects  of  heat  as  ex- 
hibited under  different  circumstances,  or  in  its  operation  on  diffe- 
rent bodies.  Boyle  proposed  the  congealing  point  of  oil  of  aniseed 
for  this  purpose ;  but  Dr.  Hocke  with  greater  propriety  recom- 
mended toe  nreezing  point  of  distilled  water ;  and  Sir  Isaac  Newton, 
adopting  this  as  the  commencement  of  his  scale,  or  the  point  zero 
(0°),  he  ascertained  that  34^  would  mark  the  boiliner  pomt  of  wa^ 
tor,  as  indicated  by  the  relative  expansion  of  linseed  oil,  the  fluid 
which  he  used  to  fill  his  Uiermometer.f 

54.  The  discovery  of  two  fixed  points  for  the  thermometrical 
scale  contributed  vastly  to  the  improvement  of  the  instrument ; 
but  that  of  Newton  was  rendered  imperfect  by  the  nature  of  #ie 
inclosed  fluid,  which  did  not  move  freely  within  the  tube,  and  by 
the  inconvenient  length  of  the  degrees  of  the  scale.  Hence  other 
men  of  science  employed  themselves  in  contriving  by  various 
methods  to  augment  the  utility  and  accuracy  of  this  instrument. 
Reaumur,  in  France,  invented  a  thermometer  filled  with  tinged 
spirit  of  wine,  with  a  scale  divided  into  80  degrees  between  the 
freezing  and  the  boilinff  points  of  water.  But  as  spirit  of  wine  boils 
at  a  lower  temperature  uian  water,  and  as  it  could  afford  no  indication 
of  any  degree  of  heat  beyond  its  own  boiling  point,  on  this  ac- 
count, the  spirituous  fluid  was  exchanged  for  mercury ;  and  such 
a  mercurial  thermometer,  with  Reaumur's  scale,  was  in  general 
use  in  France  till  the  period  of  the  revolution,  when  it  was  sopeN 
seded  by  the  centigrade  thermometer,  already  noticed. 

55.  The  employment  of  mercury  as  the  most  suitable  fluid  for 
the  thermometer  is  usually  attributed  to  Fahrenheit,  a  native  of 
Dantzic,  who  settled  at  Amsterdam  as  a  philosophical  instrument- 
maker  ;  and  his  instruments  having  the  merit  of  great  accuracy 

Who  are  among  the  improTers  of  this  instrument  ? 

What  defect  existed  in  the  original  thermometers  ? 

What  limits  the  useful  application  of  the  air  thermometer  ? 

What  peculiar  disadrantag^  had  the  thermometer  of  Newton  ? 

In  what  manner  did  Reaumur  divide  his  scale  ? 

What  scale  has  superseded  that  of  Reaumur  in  France  ? 

*  See  Mbove^  No.  46. 
/  See  Cotes's  Hydrosiat  liccl.  A\>\»a\\OL\x,'^o.W.. 
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uid  neatness  of  execution,  became  much  song^ht  after,  and  his 
name  has  been  permanently  connected  with  that  form  of  the 
thermometer,  now  generally  used  in  £ngland,  Holland,  and  the 
United  States.  It  appears,  however,  from  the  statement  of  Boer* 
haave,  that  the  improvement  of  the  thermometer,  so  hx  as  relates 
to  filling  it  with  mercury,  and  fixing  on  the  peculiar  scale  denomi- 
nated aner  Fahrenheit,  ought  rather  to  be  ascribed  to  Olaus  Koe- 
mer,  a  Danish  philosopher,  to  whom  we  owe  the  discover}r  of  the 
velocity  of  light.*  The  peculiarity  of  this  scale  is,  that  it  does 
not  commence  at  the  freezing  point  of  water,  but  descends  much 
betow  it. 

56.  It  is  usually  stated  that  Fahrenheit  obtained  the  point, 
whence  he  commenced  the  graduation  of  his  thermometers,  by 
producing  artificial  cold  from  the  mixture  of  common  salt  and 
snow ;  but  from  the  authority  just  cited,  it  appears  that  zero  of 
Fahrenheit's,  or  rather  Roemer's  scale,  was  derived  from  the 
lowest  degree  of  temperature,  or  greatest  cold  which  had  been 
observed  in  Iceland,  which  was  fixed  on  from  an  erroneous  sup- 
position that  this  was  the  extreme  of  low  temperature  which  was 
ever  likely  to  become  the  object  of  philosophical  investigation. 

57.  Among  the  numerous  modifications  of  the  thermometer  pro- 
posed by  in^nious  men,  as  adapted  to  the  general  purpose  of  in- 
dicating variation  of  temperature,  the  only  one  besides  the  preced- 
ing which  requirt  s  to  be  here  noticed,  is  that  of  J.  Delisle,  member 
of  the  Academy  of  Sciences,  at  St.  Petersburff.  It  differs  prin- 
cipally from  other  instruments  in  having  a  sctQe,  the  graduation 
of  which  commences  at  the  boiling  point  of  water,  and  is  reckoned 
downwards :  the  distance  to  the  freezing  point  being  divided  into 
150  decrees.  Its  use  is  nearly  confined  to  the  Russian  empire, 
where  it  is  generally  adopted  by  men  of  science. 

58.  As  the  centigrade  thermometer,  originally  invented  by 
Olaus  Celsius,  of  Upend,  in  Sweden,  and  that  of  Fahrenheit,  are 
at  present  commonly  used  in  registering  observations  on  tempera- 
ture, in  France  and  Great  Britain,  while  those  of  Reaumur  and 
Delisle  have  been  employed  by  several  eminent  philosophers  in 
making  and  recording  their  peculiar  observations,  it  becomes  re- 
quisite that  the  means  should  be  afforded  for  ascertaining  the 
relative  value  of  degrees  of  temperature,  according  to  either  of 
tliese  scales,  and  of  converting  any  given  number  of  degrees  be- 
longing to  one  scale  into  degrees  belonging  to  that  with  which  we 
are  most  familiar.  Fahrenheit's  scale,  commencing  at  zero  (0°), 
ascends  to  32^  the  freezing  point  of  water,  and  thence  to  212^,  the 

In  what  eoantries  is  the  aoale  of  Fahrenheit  chieflr  used  ? 
To  whom  belongs  the  application  of  mercury,  and  the  original  ase  of 
the  scale  adopted  by  Fahrenheit  ? 
How  did  Roenier  actnallj  obtain  the  zero  of  his  infitmment  ? 
Where  did  Delisle  eoromenee  the  graduation  of  his  thermometer? 
Wliere  and  by  wliom  was  the  centigrade  thermometer  inyented  ? 

*  Boerhavii  EJementa  Chemix,l.\.  p. 7^. 
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boilintf  point;  so  that  there  are  180  degrees,  in  the  scale,  between 
these  fixed  points. 

69.  The  following  table  exhibits  corresponding  numbers  of  the 
several  scales  of  Fahrenheit,  Reaamur,  Delisle  and  Celsins,  or 
that  of  the  centigrade  thermometer,  from  a  temperature  IS  degrees 
above  the  boiling  point,  Fahrenheit,  to  96  degrees  below  zero. 


Fahr. 

ReAumur 

Deliale 

Centigrade 

234 

85  3-9 

10 

106  6-9 

213 

80 

0 

100 

Boiling  pcttnt  of  water. 

192 

71   1-9 

16  4-6 

88  8-9 

160 

56  8-9 

43  3-6 

71  1-9 

128 

42  6-9 

70 

63  3-9 

96 

28  4-9 

96  4-6 

35  5-9 

Blood  heat 

64 

14  2-9 

123  3-6 

17  7-9 

32 

0 

150 

0 

Freezing  point  of  water. 

0 

14  2-9 

176  4-6 

17  7-9 

32 

28  4-9 

303  3-6 

35  5-9 

39 

31  5-9 

309  1-6 

39  4-9 

Freezing  point  of  mercury. 

64 

42  6-9 

330 

53  3-9 

90 

64  3-9 

351  4-6 

67  7-9 

^  Greatest  known  degree 
I     of  cold. 

96 

56  8-9 

356  4-6 

71  1-9 

60.  Hence  it  will  appear,  that  1^  of  Fahrenheit^  scale  is  equal 
to  4-9®  of  Eeaumur%  5-6®  of  Delisk\  and  5-9®  of  the  centigrade 
scale.  Therefore  in  order  to  convert  any  number  of  degrees  of 
Reaumur  into  corresponding  degrees  of  Fahrenheit,  the  given  num- 
ber must  be  multiplied  by  9  and  divided  by  4,  and  if  it  be  a  number 
above  zero,  32  must  be  added  to  the  product,  and  the  amount  will 
be  the  degree  required ;  but  if  the  number  be  below  zero  of  Reau» 
mur,  and  above  zero  of  Fahrenheit^  that  is  any  number  less  than 
14  2-9,  the  product  must  be  subtracted  from  32;  and  if  it  be  a 
number  below  14  3-9, 33  must  be  subtracted  from  the  product, 
to  obtain  the  degree  required.  In  the  same  manner  the  correspon- 
dence between  degrees  of  the  centigrade  scale  and  that  of  Fahrenheit 
may  be  ascertain^,  only  the  given  number  of  centigrade  degrees 
must  be  multiplied  by  9  and  divided  by  5.  To  convert  degrees  of 
Deltale  into  degrees  of  Fahrenheit,  the  given  number  must  oe  mul- 
tiplied by  6  and  divided  by  6,  and  the  product  subtracted  from 
312  will  be  the  number  required ;  but  if  the  number  be  below 
zero  of  Fahrenheit,  or  176  4-6  DelUle,  212  must  be  subtracted 
from  the  pi^oduct;  and  if  the  number  required  be  degrees  of  Delisle 

Name  the  boiling  points  on  the  four  therroometrie  scalei. 

What  are  the  fi*eezing  points  on  them  respeetivelj  ?  ooi^;eaIii^  point 
of  mercury  f    greatest  known  degree  of  cold  ? 

What  rules  can  be  given  for  converting  degrees  of  Reaumur,  Celaiu^ 
and  Deliale  ixspectiveljr  into  Uiose  oC  KoemieT  ot  ¥«Sw«a!l\'&\t.  i 
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At(te  xwo,  819  miiBt  be  added  to  the  product  to  obtain  the  number 
leqofaped,  denoting  the  corresponding  aegree  of  Fahrenheit, 

61.  Tlie  meicnrial  thermometer  is  the  most  convenient  instm* 
neiit  for  measatih^  any  degrree  of  temperature  between  644  deg. 
Fahrenheit,  at  which  the  liquid  boils,  and  39  deg.  below  aero,  at 
which  It  fireeiea*  For  the  mensuration  of  more  intense  dejiftees 
of  cold,  a  thermometer  may  be  employed  filled  with  alcohol,  tmged 
red  by  means  of  alkanet-root ;  for  that  fluid,  when  otherwise  per- 
fbctly  pnre,  will  remain  nncongealed  at  a  temperature  much  lower 
than  that  at  which  mercury  firSBzes. 

63.  As  there  is  no  known  liquid  that  continues  unevaporated  at 
a  higher  temperature  than  mercury,  the  relative  effect  of  very  high 
degrees  of  hest  is  nsoally  estimatcid  by  the  alteration  of  bulk  that 
takes  |>lace  in  solid  bodies.  Heat  generally  expands  substances 
of  all  kinds ;  but  Mr.  AYedgwood  observed  that  nne  porcelain  clay 
becomes  contracted  by  exposure  to  great  heat ;  and  he  found,  on 
investiffation,  that  pieces  of  pure  clay  carefully  dried,  and  then 
exposed  to  a  red  heat  in  a  furnace,  exhibited  a  sensible  degree  of 
contraction,  which  remained  when  they  again  became  cool ;  and  as 
it  fioother  appeared  that  the  contraction  proceeded  with  the  aug^ 
mentation  of  heat,  tiH  vitrification  took  place  in  the  clay,  he  con* 
ceived  the  idea  of  forming  a  pyrometer,  or  measurer  of  heat,  con« 
sistmg  of  a  number  of  test-pieces  of  prepared  clay,  in  the  shape 
of  small  flattened  cylinders,  and  a  scale  composed  of  brass  rods 
jt  inch  square,  and  3  feet  long,  fixed  to  a  brass  plate,  obliquely 
inclining  inwards,  so  as  to  be  somewhat  nearer  together  at  one 
end  than  at  the  other,  and  marked  with  a  scale  of  equal  parts, 
oommenoing  at  the  wider  extremi^. 

63.  As  the  contraction  of  the  clay  pieces  is  permanent,  a  fresh 
one  must  be  used  for  each  trial,  which  is  to  be  made  by  exposing 
one  or  more  test-pieces  to  the  heat,  the  intensity  of  which  is  to  be- 
ascertained,  and  when  thus  heated  and  again  cooled,  the  contrac- 
tion that  has  occurred  is  to  be  measuredl>y  sliding  the  piece  be- 
tween the  brass  rods  so  for  as  it  will  go,  luid  observing  the  dimi- 
nution of  bulk  as  indicated  by  the  scale,  all  the  pieces  being 
adapted  exactly  to  fit  the  widest  part  of  the  scale  before  their  ex- 
posure to  the  heat,  the  estimation  of  which  is  the  object  of  experi- 
ment. The  seemingly  anomalous  effect  of  heat  on  which  the 
property  of  this  instrument  depends  may  be  accounted  for,  as  the 
result  of  the  concentration  of  tne  particles  of  the  clay  by  the  more 
intimate  union  of  the  argillaceous  and  siliceous  earths  of  which 
it  is  composed. 

64.  Each  degree  of  Wedgwood's  scale  is  equivalent  to  130  de 

Within  what  limits  may  the  mercurial  thermometer  be  employed  ? 

In  what  manner  has  it  been  osoal  to  estimate  very  high  degrees  of 
heat  ?  On  what  observation  did  Wedgwood  found  the  construction  of 
bis  pyrometer  ?  Can  Wedgwood's  standard  pieces  be  repeatedly  used 
for  the  same  parpose  ? 

In  what  manner  is  the  contraction  of  the  porcelain  ^ie«A%  tA  h&  ^i^ 
counted  for/ 
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grees  of  that  of  Fahrenheit ;  and  the  fonner  commencM  at  1€77^«5 
of  the  latter  scale.  The  mode  adopted  for  inatitating  a  compari- 
son between  the  two  scales  was  by  obsenring  the  expanaion  of  a 
pjrometric  piece  of  silver  and  of  a  test-piece  of  day,  as  relatiyely 
exhibit^  at  50  deg.  and  312  deg.  Fahrenheit,  and  at  higher  tem- 
peratures as  indicated  by  the  brass  scale.  Having  thus  obtained 
a  common  measure  of  high  temperature,  the  inventor  of  the  py- 
rometer proceeded  to  make  various  researches  concerning  the 
melting  points  of  metals,  and  other  subjects ;  and  it  may  be  stated 
as  the  result  of  his  inquiries,  that  the  greatest  heat  he  ever  pro- 
cured was  from  an  air-furnace,  amounting  to  160  deg.  Wedgwood, 
equd  to  31,877  deg.  Fahrenheit. 

65.  Doubts  have  been  started  whether  the  contraction  of  clay 
affords  a  uniform  measure  of  temperature ;  and  the  more  recent 
investigations  of  M.  Gu]rton  Morveau,  and  Mr.  Daniell,  render  it 
very  probable  that  Wedgwood  formed  his  comparison  of  the  py- 
rometric  and  thethermometric  scales  on  an  erroneous  assumption 
relative  to  the  melting  point  of  silver.  Hence  the  calculations 
grounded  on  experiments  made  with  his  pyrometer  are  not  to  be 
absolutely  depended  on ;  though  the  instrument  is  well  adapted  to 
the  exigencies  of  the  potter,  as  affording  the  means  of  ascertaining 
the  heat  of  furnaces  with  sufficient  exactness  for  many  purposes. 

66.  A  great  many  pyrometers  have  been  invented  b^  various 
experimentalists,  exhibiting  different  methods  for  measurinflr,  witfi 
more  or  less  accuracy,  the  relative  expansion  of  bars  or  wires  of 
iron,  or  of  some  other  metal.* 

Several  of  these  are  con- 
structed on  the  principle  of 
that  represented  in  the  mar- 
gin, in  which  a  bar  of  metal, 
A,  may  be  so  placed,  that 
when  expanded  by  the  heat 
of  a  lamp  B,  one  extremity 
will  press  against  a  lever 
and  cause  an  index,  C,  to 
move  along  the  graduated 
arc  D ;  and  by  means  of  such  a  pyrometer,  the  effect  of  heat,  ap- 
plied in  the  same  manner,  for  a  given  length  of  time,  to  bars  of 
different  metals  having  the  same  length  and  diameter,  may  be  as- 
certained. 

67.  Mr.  Daniell  contrived  a  pyrometer  adapted  to  measure  the 

How  did  Wedgwood  unite  the  indications  of  his  scale  to  those  of  the 
common  thermometer  ?  What  reliance  is  to  be  placed  upon  it  as  an  ab- 
solute iqeasure  of  temperature  ?  To  what  practical  purpose  may  it  be 
usefully  applied  ?  On  what  principle  have  pyrometers  generally  been 
constructed  ? 


•  For  descriptions  and  figures  of  a  number  of  pyrometers,  invented 
by  ingenious  British  and  foreign  philosophers,  see  a  Treatise  on  the 
TTiermometer  and  Pyrometer,  pubUshed  by  the  Society  for  the  Promo* 
p'on  of  Useful  Knowledge. 
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gypwirion  of  a  rod  of  plantiiia,  made  to  move  an  index  over  a 
dial-plate  difided  into  360  degrees,  each  equal  to  7  degrrees  of 
Famenheit.  He  pabliahed  an  aoeount  of  experiments  made  by 
means  of  his  pj^nmieter,  the  result  of  which  may  be  subjoined,  as 
bein^  pobably  the  most  exact  yet  published  relatiYe  to  the  effects 
of  hign  temperatoies** 

Mel^ng  .point  of  tin    • 

'• bismuth    • 

lead 
Boiling  point  of  mercury 
Melting  point  of  zinc 
Red  heat  visible  in  full  daylight 
Heat  of  a  common  parlour  fire    . 
Melting  point  of  brass    . 
silver    • 


copper 
gold 
cast  iron 


DMinielL 

FahreDheit 

.  es*' 

441° 

66 

462 

.  87 

609 

93 

644 

.  94 

658 

.   140 

98at 

.  163 

1141 

.   367 

1869 

319 

2233 

.   364 

2548 

370 

2590 

.   497 

3479 

68.  Pjrrometers,  or  rather  metallic  thermometers,  smted  for  mea^- 
suring  with  great  accuracy  small  variations  of  temperature,  have 
been  constructed  by  contemporary  artists,  among  whom  may  be  spe- 
cified Breguet  and  Frederic  Houriet,  of  Paris,  and  Holzmann,  oi 
Vienna. 

In  the  prosecution  of  delicate  experiments  on  the  influence  of 
temperature,  those  thermometers  may  be  most  advantageously  em- 
ployed in  which  the  effect  of  heat  is  exhibited  by  the  expansion 
of  air,  included  in  a  small  tube  with  a  scale  annexed. 

69  Among  the  more  recent  and  useful  forms  of  such  instruments, 
the  more  important  is  that  called  the  Differential  Thermometer, 
invented  by  Leslie,  and  described  in  his  "  Experimental  Inquiry 
into  the  Nature  of  Heat.'' 

It  consists  of  two  ^ulbs  or  glass  spherules  A 
and  B,  connected  by  the  tube  C  D  E  F,  bent 
twice  at  right  angles,  and  supported  by  a  wooden 
stand  G.  Withm  the  tube  is  a  small  quantity 
of  coloured  sulphuric  acid ;  and  when  a  hekted 
substance  is  brought  near  to  the  bulb  A,  the  in- 
closed liquid  recedes,  and  rises  on  the  opposite 
side,  where  its  relative  height,  as  indicated  by 
the  scale  attached  to  the  tube  E  F,  will  show 
the  decree  of  expansion  of  the  air  in  the  tube 
and  biub  A  C  D.    One  of  the  principal  advan- 

*  Sabsequent  to  the  publioation  of  this  table,  Mr.  Daniell  published 
others,  dimring  very  eonsiderably  from  these.  Besides  which,  Mr. 
Prinsep  of  Benares,  in  the  East  Indies,  has  published  the  results  of  some 
experiments  with  an  air  pyrometer,  and  the  editor  of  this  work  has  made 
numerous  experiments  with  his  steam  pyrometer,  described  in  the  Amer. 
Jour,  of  Science  and  Arts,  voL  xxii.  p.  96.*  -Ed. 

f  Prolmblf  too  ioir.— £j>. 
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tages  attending  the  use  of  this  instrament  is  its  not  being  liable  to 
error  from  changes  in  the  temperatore  of  the  atmosphere;  for  die 
heat  of  the  surrounding  air  must  act  on  both  bulbs  in  the  same 
manner,  therefore  when  a  heated  object  is  applied  to  one  bulb  only, 
the  whole  effect  produced  by  it  will  appear  from  the  difEerant 
amount  of  expansion  of  the  enclosed  air ;  or  if  a  cold  object  be 
applied  Uie  effect  will  be  equally  obvious  from  the  different  con- 
traction which  takes  place ;  and  hence  the  instrument  is  named  a 
differential  thermometer. 

70.  The  actual  amount  of  expansion  that  takes  place  in  different 
bodies  raised  to  the  same  temperature  is,  as  already  obsenred,  by 
no  means  equal.  According  to  recent  experiments  of  Herbert  on 
the  expansion  of  solids  by  heat,  it  appears  toat  rods  of  glass  and  seve- 
ral metals,  of  the  same  length  at  the  freezing  point  of  water,  were 

,  variously  extended  at  the  boiling  point,  'ftius  the  longitudinal 
dimensions  of  each  being  supposed  divisible  into  100,000  parts,  at 
32  deg.  Fahrenheit,  each  suDStance,  at  213  deg.  was  augmented 
in  the  foUowing  proportions : 

Platina 85  parts. 

Glass 86 

Gold  94 

Iron 107 

Copper  •        •        •        .  156 

Brass 172 

Silver 189 

Tin  212 

Lead 262* 

71.  Liquids  also  expand  unequally  at  different  temperatures, 
and  different  liquids  are  variously  affected  by  the  same  tempera- 
ture. The  irregular  expansion  of  liquids  interferes  with  the  re- 
sults of  experiments  made  by  means  of  common  thermometers; 
but  mercury  as  exhibiting* more  uniformity  in  its  rate  of  expansion 

What  substance  did  Daniel!  adopt  for  the  measui*e  of  high  tempera- 
tures f 

What  temperature  did  lie  assign  for  that  of  redness  in  daylight  ? 

What  did  he  obtain  for  the  melting  point  of  silver  ? 

What  for  that  of  cast  iron  ? 

What  species  of  experiments  may  be  advantageously  prosecuted  with 
the  air  thermometer  ? 

What  liquid  is  employed  in  the  differential  thermometer  ? 

Wliat  iH  one  of  the  chief  advantages  of  this  instrument  ? 

Are  all  bodies  equally  adapted  to  the  formation  of  instruments  to  mea- 
sure lieat  by  ex|)ansion  ?     Why  ? 

By  how  many  millionths  of  its  length,  taken  at  the  freezing  point,  will 
a  bar  of  platina  be  found  expanded  when  raised  to  the  boiling  point  of 
water  ?  a  bar  of  iron  ?  of  silver  ?  of  lead  ? 

How  are  liquids  affected  by  equal  augmentations  of  temperature  in  dif- 
ferent parts  of  the  scale  ? 

•  Vieth's  Elem.  of  "Nat,  PUvlo*.  ^Germ.),  p.  314. 
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tSian  other  flaids^  as  water  or  alcohol,  is  hetter  adapted  than  they 
are  for  thermometrical  investi^tions.  Indeed  the  more  readily 
Uquids  e^raporate  nnder  the  intfuence  of  heat,  the  greater  will  he 
their  dilatation,  when  it  takes  place  without  change  of  form ;  and 
therefore  ether  and  alcohol  expand  more  in  proportion  at  relatively 
high  than  at  low  temperatures,  and  mercury,  which  requires  a 
great  heat  to  make  it  boil,  increases  its  rate  of  expansion  more 
slowly. 

73.  The  following  table  of  the  expansions  of  liquids  is  derived 
from  the  researches  of  Mr.  Dal  ton,  who  ascertained  that  an  eleva- 
tion of  temperature  from  the  freezing  to  the  boiling  point  of  water 
would  cause  an  increase  of  volume  in  the  ensuing  proportions. 

Mercury  as  1  to     .        .        .        .  0*0300 

Water 0-0466 

saturated  with  salt       .        .  0*0500 

Sulphuric  acid    •        •        •        •  0*0600 

Muriatic  acid         .        •        .        •  0*0600 

Oil  of  turpentine        •        •        •  0*0700 

Ether 0*0700 

Fixed  oils           .        •        .        •  0-0800 

Alcohol 0*1100 

Nitric  acid          .        .        .        .  0*1100 

73.  Aeriform  fluids,  as  before  stated,  all  dilate  alike,  and  undergo 
uniform  degrees  of  expansion  at  different  temperatures.  This  pro- 
perty of  grases  and  vapours  depends  on  their  being  destitute  of  co- 
hesian,  so  that  the  influence  of  heat  operates  on  them  simply  and 
independently,  its  effect  not  being  modified  by  any  opposing  power, 
as  in  the  case  of  solids  and  liquids.  From  the  experiments  of 
Gay  Lussac  in  France,  and  those  of  Dal  ton  in  England,  it  appears 
that  all  elastic  fluids,  whether  airs  or  vapours,  when  raised  from 
the  temperature  of  33  deg.  Fahrenheit  to  313  deg.,  become  ex- 
panded nearly  in  the  ratio  of  100  to  137.5 ;  or  100  cubic  inches  of 
gas  at  the  freezing  point  of  water,  if  heated  to  the  boiling  point, 
would  be  augrmented  in  bulk  to  137^  inches.  Hence  the  expan- 
sion of  volume  for  each  degree  of  the  centigrade  thermometer 
would  be  0.375,  or  reckoning  the  bulk  at  zero  as  1  (unity),  the 
augmentation  for  each  degpree  would  be  0.00375.  Dalton  estimates 
the  increase  of  bulk  for  every  degree  at  0.00373,  which  would  be 
neariy  equivalent  to  0.00308  for  each  degree  of  Fahrenheit's  ther- 
mometer. 

Ilnw  i«  the  rate  of  dilatation  related  to  the  boiline  point  of  liquids  ? 

What  examples  prove  the  truth  of  this  princi[>le  T 

How  much  IS  mercury  expanded  bj  the  addition  of  180  degrees  Fah- 
rervheit  to  its  temperature  at  the  freezing  point  ? 

On  what  property  of  gases  is  their  uniform  rate  of  expansion  supposed 
to  depend  ? 

Hov  much  is  the  bulk  of  a  gas  enlarged  by  heating  it  from  the  freei- 
Ing  to  the  boiling  point  f 

What  wW  be  the  nte  for  one  degree  f 

sc 
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74.  Thus  it  appears  that  the  density  of  sabstanc^  generally 
bears  a  certain  relation  to  their  temperature,  being  augmented  by 
cold  and  diminished  by  heat,  or  in  other  words,  contracted  by  ex- 
posure to  a  low  temperature  and  expanded  at  a  high  tempera- 
ture. So  far  as  we  can  judge  from  experiment,  the  maTtimwn 
density  of  solid  bodies  must  be  at  the  lowest  temperature  which  caa 
be  produced.  And  the  same  may  be  stated  with  respect  to  liquids 
which  are  not  susceptible  of  being  solidiiied  by  cold,  or  frozen. 
But  this  does  not  always  hold  good  with  regard  to  freezing  or 
congealing  liquids ;  and  water  is  especially  remarkable  for  its  pro* 
perty  of  expanding  in  the  act  of  congelation,  whence,  as  is  geneiadly 
Known,  vessels  are  liable  to  be  burst  in  winter  by  the  freezing  of 
aqueous  liquors  contained  in  them ;  and  loose  ice  is  always  seen  to 
float  on  water,  in  consequence  of  its  inferior  speeifie  gravity. 

75.  From  the  researcnes  of  Deluc  and  others,  it  appears  that 
pure  water  acquires  its  maximum  density  at  the  temperature  of 
40  deg.  Fahrenheit,  whence,  if  the  cold  be  increased,  h  expands 
till  it  reaches  the  freezing  point  32  deg. ;  so  that  ice  at  32  deg.  has 
the  same  specific  gravity  as  water  at  4d  deg.  But  for  this  pro- 
perty  of  water,  large  ponds  and  lakes  exposed  to  intense  cold 
would  not  merely  be  frozen  over,  as  is  usual  in  the  winter  season, 
but  they  would  become  entire  masses  of  solid  ice.  .  For  ice  once 
formed,  if  heavier  bulk  for  bulk  than  the  water  beneath  it,  would 
sink  to  the  bottom  of  the  pond  or  lake,  and  remain  there  to  be 
augmented  by  fresh  descending  portions,  as  long  as  a  frost  lasted  ; 
but  its  relative  levity  causes  it  to  continue  on  the  sur&ce  of  the 
liquid  which  it  protects  in  some  degree  from  the  cold  atmosphere, 
and  congelation  consequently  proceeds  more  slowly. 

76.  This  remarkable  property  of  liquids  near  the  point  of  con- 
gelation is  certainly  not,  as  generally  stated,  peculiar  to  water,  for 
other  aqueous  fluids  are  anected  in  the  same  manner }  and  there 
is  reason  to  believe  that  metallic  and  other  substances,  which  have 
been  melted  by  exposure  to  great  heat,  contract  in  cooling  only  to 
a  certain  point,  and  then  expand,  like  water,  so  that  the  density 
of  a  mass  of  metal  just  become  solid  will  be  inferior  to  that  of 
the  same  metal  a  few  degrees  above  that  at  which  it  takes  the 
solid  form. 

77.  Reaumur  states  that  iron,  bismuth,  and  antimony,  are  more 
condensed  just  before  they  become  solid  than  afterwards;  and  he 
observes  that  hence  figures  east  in  iron  are  correctly  marked,  from 
the  expansion  of  the  metal  in  cooling,  which  causes  it  to  press 
into  the  most  minute  indentations  of  the  mould.  Sulphur  exhi- 
bits the  same  appearances,  when  used  for  taking  impressions  of 

What  must  be  the  maximura  density  of  solid  bodies  ? 

Why  are  closely  corked  bottles  burst  when  their  liquid  contents  freeze  ^ 

Why  does  ice  not  sink  to  the  bottom  of  cold  water  ? 

Is  the  property  of  expanding  near  the  freezing  point  confined  to  a  sin* 
gle  liquid  ? 

What  causes  the  accuracy  with  which  iron  and  other  metala  fill  the ' 
moulds,  and  tiius  yield  **  tharp  ca»ti'M^%  7'** 


LATENT  HEAT.  80d 

nedalfl ;  and  it  is  probable  that  all  bodies  capable  of  fusion  by  heat, 
would,  under  sinular  circumstances,  be  found  to  hare  less  density 
at  the  point  of  solidification  than  just  before  the  commencement 
of  that  process.  As  to  the  cause  of  this  phenomenon,  the  most 
probable  conjecture  is  that  of  De  Mairan,  who,  in  his  Treatise  on 
Ice,  ascribes  the  expansion  of  freezing  water  to  the  new  arrange- 
ment of  its  particles  consequent  to  crystallization,  so  that  me 
minute  and  still  invisible  intervals  between  the  molecules  of  the 
mass  are  largrer  or  more  numerous  in  ice  than  in  water  8  deg.  above 
the  freezing  point.  But  this  interesting  topic  demands  further 
investigation. 


Itotent  ffeaty  and  Ub  Ir^/luenee  on  the  Forma  of  BodUi* 

78.  No  indication  is  afforded  by  the  thermometer  of  the  abso- 
lute quantity  of  heat  which  anj  siinstance  may  contain,  but  merely 
of  the  amount  of  free  or  sensible  heat  capable  of  producing  a  cer- 
tain degree  of  expansion  in  a  column  of  mercury.  If  a  quantity 
of  ice  at  33^  Fahrenheit  be  placed  in  a  jar  set  in  a  basin  of  water 
considerably  heated,  the  ice  will  ffradually  melt,  absorbing  heat 
from  the  water  through  the  sides  of  the  jar ;  but  thoagh  it  must 
thus  receive  successive  portions  of  heat,  they  would  produce  no 
effect  on  a  thermometer  within  the  jar,  Ihe  mercury  in  wnich  would 
remain  at  the  freezing  point  till  all  the  ice  became  dissolved.  So 
that  any  Quantity  of  lieat  thus  absorbed  by  ice  in  the  act  of  thaw- 
ing would  become  combined  with  Uie  liquid,  constituting  what  is 
termed  htent  heat,  as  not  being  appreciable  by  the  thermometer. 
79.  Different  bodies  require  different  quantities  of  heat  to  raise 
them  to  the  same  thermometrical  temperature,  or  at  least  they  are 
differently  affected  by  exposure  to  the  same  temperature.  Thus, 
if  a  q^aart  of  water  and  a  quart  of  olive  oil  be  removed,  from  a 
room  m  which  thQ  heat  of  the  idr  is  but  40^  Fahrenheit,  to  another 
room  heated  to  80^,  both  liquids  would  gradually  acquire  the  lat- 
ter degree  of  heat,  as  might  be  ascertained  by  placing  a  thermome- 
ter in  either  liquid.  But  the  oil  would  be  perceived  to  have  become 
raised  to  the  temperature  of  80^  much  sooner  than  the  water ;  and 
hence  it  has  been  inferred  that  a  smaller  quantity  of  heat  is  re- 

J[uired  to  produce  an  augmentation  of  40^  of  temperature  in  the 
brmer  liquid  than  in  the  latter.  As  oil  becomes  heated  more 
speedily,  under  the  same  circumstances,  than  water,  so  likewise 
it  cools  faster  than  water ;  as  would  appear  on  reversing  the  pre- 
ceding experiment. 

To  what  does  De  Mftinin  attribute  the  diminution  of  density  in  bodies 
at  their  points  of  eon|;elation  ? 

To  what  is  the  indication  of  a  thermometer  limited  ? 

In  what  change  of  a  solid  body  is  tenmble  converted  into  latent  heat  ? 

When  eqoal  quantities  of  different  bodies  are  exposed  to  a  change  of 
temperature,  wliat  difference  may  we  expect  to  find  among  them  while 
undergoing  that  chaiu;e  ? 

Exemplify  this  in  the  case  of  two  liquids. 
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80.  When  e<)aal  quantities  of  the  same  body  at  different  tem> 
peratures  are  mixed,  the  temperature  of  the  mixture  will  be  at  the 
medium  between  those  of  the  two  portions :  thus  a  pint  of  water 
33^  added  to  another  pint  at  98^  would  produce  a  quart  of  water 
at  G5° ;  half  the  difference  between  the  temperature  of  the  hot 
water  and  the  cold  (33^)  having  been  taken  from  the  former  and 
added  to  the  latter.  But  the  result  is  Teij  different  when  dissimi- 
lar bodies  at  different  temperatures  are  mingled :  for  if  one  pound 
of  water  at  156^  be  mixed  with  one  pound  of  mercury  at  40°,  the 
common  temperature  will  be  15^°,  instead  of  98°,  the  medium 
temperature,  which  would  have  been  that  of  the  mixture  if  water 
had  been  used  instead  of  mercury. 

81.  From  this  experiment,  it  appears  that  the  water  gives  up 
4°  of  its  heat  to  raise  the  mercury  119°;  whence  it  has  been 
concluded  that  water  has  a  greater  capacity  for  heat  than  the  me- 
tallic fluid,  in  the  ratio  of  113  to  4,  or  38  to  1,  If  the  experi- 
ment be  reversed,  by  mingllnff  one  pound  of  mercury,  at  156° 
with  one  pound  of  water  at  40°,  the  common  temperature  will  be 
44° ;  the  mercury  having  been  deprived  of  113°  of  its  heat,  while 
the  water  has  acquired  but  4°.  A  pound  of  ffold  at  the  tempera- 
ture of  150°  added  to  a  pound  of  water  at  50°  will  raise  the  tem- 
perature of  the  liquid  but  5°,  while  it  wUl  lose  95°,  the  common 
temperature  being  55°.  Hence  the  relative  capacity  fir  heat  of 
gold  and  water  would  be  as  5  to  95° ;  so  that  the  capacity  of 
water  for  heat  must  be  19  times  greater  than  that  of  gold.  Bat 
the  results  of  different  experiments  on  specific  heat,  vary  con- 
siderably from  each  other.  Thus  Lavoisier  and  Laplace  make 
the  specific  heat  of  mercury  .039,  water  being  1.000;  Petit  and 
Dulong  make  it  .033 ;  Kirwan  .033,  and  Dalton  .0357 ;  these  dif- 
ferences are,  probably,  to  be  attributed  to  the  different  methods  of 
conducting  the  experiments. 

83.  Several  attempts  have  been  made  to  ascertain  with  greater 
precision  the  quantities  of  heat  given  out  by  different  substances 
under  various  circumstances.  Lavoisier  and  Laplace  constructed 
for  this  purpose  an  instrument  called  a  calorimeter,  adapted  to 
measure  the  quantity  of  ice  melted  by  different  bodies,  in  the  pro- 
cess of  cooling  from  any  given  temperature  to  33°  Fahrenheit 
Various  precautions  were  employed  to  prevent  the  access  of  exter- 
nal heat,  while  the  cooling  process  was  goin^  on,  and  for  estimat- 
ing with  exactness  the  quantity  of  water  produced  by  the  fusion 
of  the  ice  within  the  body  of  the  instrument. 

83.  After  having  determined  from  experiments  with  the  calori- 
meter, that  the  heat  absorbed  by  one  pound  of  ice  in  melting  would 

What  will  be  found  to  take  place  on  mixing  equal  quantities  of  the 
same  body  at  different  temperatures  ? 

What  two  liquids  afford  a  strikine  illustration  of  this  point  ? 

What  term  is  applied  to  signify  the  relative  power  which  diflferent  bo- 
dies possess  of  absorbing  heat  ? 

What  method  was  adopted  by  Lavoisier  and  Laplaee  to  meatore  tbe 
beat  given  out  in  cooling  ? 
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be  sufficient  to  raise  an  equal  weight  of  water  from  32^  to  157^9 
or  135  degrees,*  the  French  philosophers  proceeded  to  ascertain 
the  relative  quantities  of  heat  evolved  by  different  bodies,  in  cool- 
ing, through  a  certain  number  of  thermometrical  degrees,  as  also 
in  other  processes.  But  the  results  obtained  by  means  of  this  in- 
strument are  liable  to  inaccuracy  from  various  causes,  which  render 
it  difficult,  if  not  impossible,  to  collect  the  whole  of  the  water 
produced  fi-om  the  melting  ice ;  for  it  has  been  rendered  probable 
that  a  part  of  the  water  thus  formed  may  sometimes  be  congealed 
again  m  its  passage  through  the  lower  part  of  the  calorimeter,  so 
that  the  quantity  obtained  will  afford  no  certain  measure  of  the 
effect  of  the  evolution  of  heat  from  the  body  under  investigation. 

84.  Other  experimentalists  have  therefore  had  recourse  to  dif- 
ferent methods  of  appreciating  the  specific  heat  of  various  sub- 
stances. Count  Rumford  invented  a  calorimeter,  for  estimating 
the  quantity  of  heat  given  out,  in  the  cooling  of  heated  bodies  or 
other  processes,  by  observing  the  increase  of  temperature  in  a 
body  of  water,  adapted  to  receive  the  heat  evolved  from  the  sub- 
jects of  his  experiments.  On  a  similar  principle  is  founded  the 
method  of  ascertaining  the  eapa4xty  for  heat^  or  as  it  is  also  term- 
ed the  specific  heat  of  gaseous  fluids,  employed  by  MM.  Delaroche 
and  Berard. 

85.  Another  mode  of  conducting  researches  of  this  nature,  con- 
sists in  noticing  the  time  required  to  cool  any  substance  through 
a  certain  range  of  temperature,  as  indicated  by  the  thermometer, 
and  comparing  its  rate  of  cooling  with  those  of  other  substances. 
The  experiments  of  Leslie,  and  those  of  Dalton,  on  the  specific 
heat  of  different  bodies  were  thus  conducted ;  and  a  similar  plan 
was  pursued  by  MM.  Dulong  and  Petit  in  their  experiments  on 
metals. 

86.  All  these  methods  of  operating  are  more  or  less  liable  to 
objection ;  and  the  results  thus  obtained  can  only  be  regarded  as 
Wording  some  approximate  estimates  concerning  the  relative  influ- 
ence of  temperature  on  different  bodies.  Two  other  methods  of 
determining  specific  heat,  have  recently  been  put  in  practice.  The 
first,  is  that  of  Weber,  who  measured  the  heat  given  out  by 
stretching  a  bar  of  metaJ,  and  observing  how  much  the  elasticity 
had  been  diminished  by  the  loss  of  heat.  The  second,  is  the  me- 
thod of  evaporation,  employed  by  the  editor  of  this  work,  and 

What  quantity  of  heat  did  they  find  to  become  latent  by  tlie  melting  of 
ice? 

To  what  objection  is  the  calorimeter  exposed  ^ 

How  did  Ramford  attempt  to  determine  specific  heats  ? 

To  what  purpose  did  Delaroche  and  Berard  apply  this  method  ? 

What  metho<l  was  emploved  by  Dalton,  Leslie,  Dulong,  and  Petit  for 
the  determining  of  specific  heats  r 

What  other  modes  of  an-iving  at  the  same  object  have  been  adopted  } 

*  Dr.  Black  estimated  the  heat  renuired  to  melt  a  given  quantity  of 
ice  as  equal  to  that  which  would  raise  the  temperature  cu  the  same  weiglit 
of  water  from  32  to  162  ov  140  degrees. 

2c2 


flesertM  in  fSb^  Amedcan  Jotmud  ol  Meaoe,*  tofeA^f  mriik 
fbfmaltt  for  cslodlating  die  melfie  )k^M^ 

87.  As  d^e  g&D^fnl  effect  er  heat  ie  t»  eaiiae  tii  faie(MM  1b  At 
Yolame  of  bodleis  enpoeed  to  its  actioti,  pvododiigf  e^tpumkm  etki* 
monly  in  dl  dllcetlone,  but  in  diflerent  degieee  aeoordng  to  tfw 
nature  of  IIm  vabatanoe  on  whieh  it  openties,  tin  eatimale  of  ^ 
qnanti^  of  heat  thna  opemtinff,  or  noher  of  the  nmoiuit  of  fte 
effect  thna  prodneed,  may  in  tfau  manner  he  oMafawd ;  arid  Ike  id* 
atrumenta  adapted  for  measoring  heat  oil  thfo  prineiple  haf^  h&m 
described.  But,  aa  alreadT  stated,  impcfftuit  emmges  nmf  be 
caused  in  bodiee  by  the  addition  or  sibatnetlon  of  heat  wtfiioiit 
affecting^  the  thermometer  in  Hm  neoai  manner  |  thosnolida  by  ex- 
posure to  heat  may  be  couTerted  into  Iiqnid8,«id  tito  latter,  when 
heated,  boil  or  be^mie  evaporated,  or-alteied  from  tfa«ljqnid  to  the 
gaseous  or  aSrifoim  atate.  itwasbyobserrtngthedlaaimilareSeet 
of  heat  on  giweii  portions^  ice  and  water, both  at  the  tenqperetme  of 
39^,  being  placed  in  equally  adVantageons  eiicumstanoes  for  leoeiT- 
hig  heat,  that  Dr.  Black  was  led  to  form  liis  iheiory  of  latent  heat,  aa 
the  cause  of  the  Uqnefaction  and  Taporiaation  of  diflbrent  bo^es^ 

88.  It  may  be  stated  as  a  general  principle,  dedoeed  finon  mi^ 
merous  experiments,  that  when  any  anbataace  beccanea  liooefied 
or  melted  by  heat,  a  quantity  of  heat  appears  to  be  abeoibed  by 
tet  substance  in  the  procesa  6f  fusion,  >vhi6h  cannot  be  appre- 
ciated by  the  thermometer ;  though  the  deppssstoa  of  tempefatnia 
in  bodiea  placed  in  contact  with  Uie  meltlRg  subsitanoe  ia  mind  to 
be  very  considerable.  Thus  water  may  be  froxen  by  placing  a 
small  bottle  partly  filled  with  that  liquid  in  a  basin  containing 
pounded  ice  or  snow  mixed  with  the  salt  called  muriate  of  lime; 
and  supposing  the  temperature  of  the  water  to  be  59^,  or  9(P 
stbove  the  freezing  point,  it  will  gradually  give  out  heat  till  con- 
gelation takes  place,  and  the  quantitjr  of  heat  which  thus  escapes 
nrom  it  will  be  absorbed  by  the  frigorific  mixture  of  snow  and  salt, 
which  will  progressiyely  melt  or  Mcome  liquehed,  but  will  retaia 
the  same  thermometrical  temperature  'so  long  as  any  part  of  ^ 
mass  continues  undissolved. 

89.  On  this  principle  depend  the  artificial  modes  of  reducing 
liquids  to  the  solid  state,  by  meahs  of  freezing  mixtures,  which 
usually  consist  of  mineral  acids  or  powdered  neutral  salts,  mixed 
with  snow.  Analogous  effects  will  be  observed  when  fusion 
takes  place  at  a  high  temperature.     Thus  spermaceti  melts  at 

What  effect,  besides  expansion,  takes  place  in  bodies  by  additions  of 
heat  ? 

What  first  led  to  the  formation  of  Blaok*8  tbeoi7  of  latent  heat  ? 

What  general  principle  is  applicable  to  the  heat  of  bodies  andergoing 
Irquefaetion  ? 

Explain  this  principle  in  the  process  of  freezing  water  by  frigorifia 
mix  tares. 

At  what  point  would  spermaceti  remain  stationary  when  exposed  in  its 
solid  state  to  the  efi^t  of  lieat  ? 
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the  heat  of  IIS^^  which  temperature  it  will  retain  as  long  as  any 
portion  remains  solid ;  so  that  a  person  might  dip  a  finger  into  Uie 
melting  mass  while  fragments  continued  undissolved,  hut  when 
the  fusion  was  completed,  any  addition  would  raise  the  thermome- 
ter aboTe  the  melting  point.  Tin  becomes  fused  at  442^,  and  leaid 
at  about  602^,  and  at  those  temperatures  respectively,  the  metals 
woald  remain  during  the  process  of  fusion ;  out  after  it  was  com- 
pleted, they  might  be  raised  to  a  red  heat.  And  lead,  melted  and 
then  made  red  hot,  in  a  crucible,  would  immediately  be  cooled 
down  to  its  melting  point  by  throwing  into  it  a  piece  of  solid  lead.* 

90.  Aa  absorption  of  heat  or  diminuUon  of  temperature  in  sur- 
rounding bodies  always  takes  place  when  a  solid  aubstance  is 
melted  or  changed  to  the  liquid  state,  so  heat  is  given  out  when  the 
contrary  change  occurs  of  a  liquid  into  the  solid  state.  If  a  strong 
solution  of  Glauber  salt  (sulphate  of  soda),  made  with  hot  water 
be  poured  into  a  phial,  and  corked  up  while  warm,  provided  it  be 
left  quite  undisturbed,  the  salt  will  remain  dissolved  when  below 
the  temperature  at  which  it  would  otherwise  crystallize ;  then  on 
suddenly  opening  the  bottle  a  mass  of  crystals  will  be  immedi- 
ately formed,  and  their  production  will  be  accompanied  with  an 
elevation  of  temperature  easily  perceptible  by  the  hand  applied  to 
the  outside  of  the  bottle.  When  water  is  poured  on  quicklime  it 
loses  its  liquid  form,  and,  entering  into  combinations  with  the  cal- 
careous earth,  constitutes  the  pulverulent  solid  called  slaked  lime, 
giving  out  the  same  time  abundance  of  heat,  a  great  part  of  which 
IS  carried  off  by  a  portion  of  the  water  rising  in  the  form  of  misty 
vapour. 

91.  When  liquids  are  exposed  to  heat  they  become  converted 
more  or  less  readily  into  aeriform  fluids ;  thus  water  is  changed 
into  steam,  and  ether  and  alcohol  into  inflammable  vapours ;  and 
generally  tdl  liquids,  heated  without  being  decompcsed,  assume 
the  gaseous  form  at  certain  temperatures,  and  are  condensed  to 
the  liquid  state  again  by  exposure  to  cold.  Different  liquids  re- 
quire oifferent  degrees  of  temperature  in  order  to  their  conversion 
into  the  form  of  vapour.  Water  boils  or  becomes  evaporated  at 
212  deg.,  while  alcohol  enters  into  ebullition  at  173^  deg.,  and 

How  long  woald  it  retain  tliis  temperature  ? 

What  18  tlie  melting  point  of  tin  ?  what,  that  of  lead  ? 

What  phenomenon  presents  itself  when  liquids  are  converted  intosohda? 

What  causes  the  heat  which  is  observed  in  the  process  of  slaking  lime  ? 

What  effect  of  heat  follows  the  exposure  of  liquids  to  its  continued  in- 
fluence ? 

At  what  temperatures  does  boiling  or  vaporization  take  place  in  water  ? 
in  alcohol  ?  in  ether  ? 

*  An  important  investigation  of  the  latent  heats  of  tin  and  lead,  and 
of  various  alloys  of  those  and  other  metwls,  has  been  made  by  M.  Rud- 
berg,  and  will  be  found  in  the  Annates  de  Chym.  ct  de  Phys.,  vol.  xlviii. 

IkSSSj  in  which  he  has  shown  that  alloys  have  two  stationanr  points,  un- 
esa  mixed  in  certain  proportions,  probably  those  in  which  the^  €ort^. 
complete  ehemieal  compotwdB,  and  leave  no  exeeaa  oC  eV\\ev  \vi^gr«^>«oX- 
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•dwr  at  100  def  .  But  flimito  dMagw  triw  pkaa  to  m  Mtdi 
Qocteat  ml  almost  any  tampefatore ;  forall  kfaida  of  aqeaow  BmUi 
slowly  evaporate  wlieB  oKpoeed  in  ahdknr  «Mnea  at  te  eudMl 
aeaaonof  the  year  i  and  apiiitaoiui  or  eibeieal  liqaida  eawiotbe 
jpieaenred  looff  in  that  stale  at  oidinary  temp^aUuee  eMptfa 
elosely-stoppfld  fessels. 

9S.  Oily  and  saodiarine  Hqnids  do  not  Teij  leedUy  evaMite 
in  eold  weather*  but  they  also  beoonle  Asrfpated  Aroogli  tteab 
after  longer  ezpoeoTB  than  thoee  of  a  moiavdatllekind.  TUiis 
a  wise  provision  of  nature,  Ibr  if  waiBir  i^liusluly  lelained  its 
liouid  fonn  at  all  tenuwrMures  below  919  degf^  fte  moistnre  that 
fell  to  the  earth  in  the  state  of  laiawoaM  never  be  evi^Mnled 
duriuff  ihe  hottest  summers ;  and  abvndaBt  inMovenienee  woald 
arise  firom  the  prssenoe  of  liquids  whieb  an  now  lenDwred  m<ne 
or  less  speedily  at  all  seasons,  thraufh  the  agilttlioB  of  the  air. 

93.  Evaporation  at  low  tampentaies  tikes  nlaee  ftea  the  sor- 
6ees  of  solids  as  well  as  from  tiiese  of  liquias.  Even  fee  and 
snow  may  be  observed  to  diminish  in  quasAity  froat  evaiiontion 
dnrittff  the  eontiauattoe  of  a  frost.  Some  interestkif  experimentB 
on  this  subject  were  made  in  the  winter  of.  1814-15.  Chi  the 
eastern  coast  of  Lake  Wivmifitbf  latitude  58  deg*.  N.  November 
98,  1814,  Mr.  Holdsworth  hung  im  a^disk  of  ice,  9  InohM  tMek, 
weighing  90  lbs.;  on  the  14th  of  Febmainr  it  had  lost  17  osk,  the 
highest  temperature  in  the  interval  beiv  99  dfMf.Ff^renheit.  Hie 
ex{>erim6nt  was  continned  till  the  fist  of  March,  v^hen  Ae 
entire  loss  of  weight  of  the  ice  by  evaporation  amounted  to  4Ib8.; 
and  though  the  temperature  on  the  36tn  and  28th  of  February  had 
been  as  nigh  as  36  deg.  daring  more  than  two  hours  each  day,  no 
dropping  took  place  from  the  Ice,  nor  was  any  moisture  percepti- 
ble on  its  aurrace.  February  16th  1815,  anow  was  suspendea  in 
a  crape  bag,  or  handkerchief,  which,  together  with  the  snow, 
weighed  30  oz.  In  ten  days  it  had  lost  2  oz. ;  and  in  nine  days 
more  an  additional  2  oz. ;  on  the  14th  of  March,  the  total  loss  was 
6  oz.,  or  one-fifth  of  its  weight  in  twenty-six  da^s ;  the  crape 
continued  dry  during  the  whole  period.*  Hence  it  appears  that 
a  very  considerable  amount  of  evaporation  takes  place  from  solid 
ice,  when  the  temperature  of  th*  atmosohere  is  below  that  of 
freezing  water. 

94.  Among  those  circumstances  which  materially  affect  the 
evaporation  of  liquids,  one  of  the  most  important  is  atmospheric 

Will  evaporation  Always  requii*e  the  same  temperatare  as  vaAorixatum? 
What  would  be  the  consequence,  were  the  law  of  nature  diferent  from 
what  it  actually  is  in  this  particular  ? 
What  bodies  other  than  liquids  eTaporate  at  low  tempermtnrea  ? 
What  experiments  are  related  in  connexion  with  this  subjeet  ? 
What  interesting  general  conclusion  nay  be  drawn  from  ikem  ? 
What  circumstance  materially  afiects  the  rate  of  emporation  ? 

.  *  Journal  of  Science,  &e.,  ediL  at  Rflgral  lattilfitMNi,  voL  is.  ppw  419^ 
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)88aTe.  Ail  liquids  readily  become  evaporated  in  a  highly  rare- 
i  medium.  Mercury  is  sublimed  with  a  small  degree  of  heat 
the  vacuum  formed  in  the  upper  part  of  a  barometer  tube ;  and 
.ter  may  be  made  to  boil  in  an  exhausted  receiver  of  an  air-pump 
a  temperature  much  inferior  to  that  at  which  ebullition  takes 
ice  under  common  circumstances.  In  the  same  manner  the 
iling  point  of  water  becomes  lowered,  in  proportion  to  the  rare- 
tion  of  the  air,  in  ascending  high  mountains ;  and  in  general  the 
iling'  points  of  all  liquids  will  vai^  in  some  desree  according  to 
»  pressure  of  the  atmosphere,  as  indicated  by  uie  barometer. 

95.  Ether,  when  placed  under  an  ex- 
hausted receiver,  rapidlv  evaporates.  It 
may  thus  be  made  to  boil  while  water 
placed  in  contact  with  it  freezes.  To  ex- 
nibit  this  phenomenon,  a  small  flask,  B, 
must  be  procured,  made  of  thin  fflass, 
and  nearly  fitting  into  a  bell-shaped  drink- 
ing-glass,  C,  as  represented  in  the  figure. 
ESier  must  be  poured  into  the  glass,  and 
water  into  the  nask,  so  that  both  liquids 
may  stand  at  the  height  of  the  dotted 
line,  A  D,  and  the  apparatus  thus  arrang- 
ed is  to  be  placed  under  the  receiver  of 
I  air-pump,  on  working  which  the  ether  will  boil  or  be  converted 
to  vapour ;  and  as  it  requires  heat  for  this  purpose,  it  will  absorb 
firom  the  containing  vessels  and  the  water  which  it  surrounds, 
id  the  latter  liauid  Sins  deprived  of  its  heat  will  be  reduced  to 
temperature  below  the  freezing  point  and  become  ice. 
96.  The  diminution  of  temperature  produced  by  the  evaporation 
'  ether  is  so  considerable,  that  by  means  of  it  mercury  may  be 
duced  to  the  form  of  a  solid.  This  may  be  effected  by  inclosing 
small  quantity  of  mercury  in  a  flattened  spheroid  of  thin  glass, 
ul  covering  it  with  thin  muslin  on  which  ether  is  to  be  dropped 
fast  as  it  evaporates,  and  the  heat  will  thus  be  so  rapidly  ab- 
racted  firom  the  mercury  that  it  will  soon  be  frozen  to  a  solid 


97.  Water  alone  will  boil  speedily  under  the  exhausted  receiver 
'  an  air-pump,  at  the  temperature  of  about  100  degrees  of  Fah- 
nheit;  but  in  this  case  the  ebullition  soon  ceases,  in  consequence 
'  the  pressure  of  the  steam  or  aqueous  vapour,  which  occupies 
e  space  firom  which  the  air  has  been  withdrawn. 

98.  The  manner  in  which  a  liquid  may  be  made  to  boil  by  dimi- 

In  what  manner  may  water  be  raade  to  boil  below  212^? 

What  two  eontrary  effects  may  be  exhibited  by  withdrawing  atmos- 

lerie  jiressare  from  the  sarfaoe  of  two  liquids  f 

Explain  the  manner  in  which  the  experiment  is  to  be  conducted. 

What  effect  may  be  prodoeed  by  dropping  ether  on  a  capsule  filled 

ith  mereary  ? 

At  what  temperature  will  water  boil  in  the  exhaoaleA  t«ma'^«c  ^V  %:Gk 

r-pump? 
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niibing  di^  pieg«ai«  of  the  UmoBphers  oa  iu  snrfaea  nift^  be 
amusingly  exhibited  by  meaas  of  the  following  experiment : 

Let  H  ii<^>-oock  be  fitted  into  the  neck  of  a  Flo- 
rence Buk,  contaioiDC  a  aroBll  qaenlity  nf  valer, 
and  after  holding  the  fiiskoTiertheflKmBof  kspiiit- 
lamp  mt  the  water  boils  and  partly  escapes  in  the 
form  of  staam  through  the  stop-oock,  let  it  be  sud- 
denly removed  from  ^le  dame,  nt  the  same  time 
shutting  the  stAp-eock;  llie  ebullition  will  soon 
cease,  and  the  flask  is  to  be  planged  into  •  jar  of 
cold  water,  as  represented  in  the  margin.  The 
~'  ~  water  in  the  flask  vUl  instantlv  bevin  to  boil  again, 
inconsequenoe  of  the  condeoaalion  of  the  includra  eteam,  and  the 
vacuum  thus  formed  in  ^e  upper  part  of  the  ftaak.  If  it  be  kept 
long  immersed  in  the  jar  of  water,  the  ebullition  will  cease  from 
the  gradual  cooling  of  the  water  within  the  flask;  bnt  if  it  be 
taken  out  of  the  jar  and  held  near  the  Are,  ftesh  steam  will  be 
formed,  and  the  ebullition  may  be  renewed  by  plunging  the  flask 
afresh  into  the  cold  water. 

99.  The  mode  of  making-  liquids  boil  at  a  comparatively  low 
temperature  by  the  diminution  of  surface  pressoie,  has  been  ad- 
vantageously adopted  in  some  manulactunag  processes,     llius  it   ' 
faasbMnappiiBd  to  practice  in  the  aitofrefiumg  sugar,  the  saccha- 
rine syrup  being  concentrated  by  this  means  to  the  point  at  which 

it  crystallizes  or  panulates,  without  any  hazard  of  its  baiuing, 
or  becoming  decomposed  by  excess  of  heat.  In  the  preparation 
of  vegetable  extracts  for  medical  purposes,  similar  processes  have 
been  adopted ;  and  also  in  making  jellies  or  other  kinds  of  con- 
fectionary. 

100.  Dist 
with  those  iu8' 

or  Eteam  which,  in  refining  sacai,  or  making  eitraota,  is  disaiimted 
and  suffered  to  escape,  as  uselesB,  is  on  the  contrary,  in  distilla- 
tion carefully  preserved,  and  reduced  again  to  the  liquid  form  by 
condensation.  The  method  of  distilling  at  a  low  temperature, 
by  removing  the  preasare  of  the  atmosphere,  has  been  profitably 
employed  in  cases  where  it  was  a  principal  object  to  obtain  pro- 
ducts as  free  as  possible  from  an  empyreumalic  flavour,  or  pecnliw 
disagreeable  taste.  Mr.  Hcniy  Tritton  has  invented  an  appara- 
tus lor  distilling  spirits,  by  means  of  which  the  vapour  is  raised 
in  a  vessel  not  exposed  as  usual  lo  the  fire,  but  surrounded  with 
hot  water;  and  the  pipe  proceeding  from  the  apperpartof  it,  after 

In  what  other  mBoner  ma;  ebullition  at  low  lempenture  be  eahibiled  > 

How  muf  it  be  repealed  when  the  liquid  hai  become  »Id  ? 

In  whit  art!  hai  ■dvmi.laBe  been  Uken  of  boiling  under  dimiuibeii 

eenlralion  tf  iiquida  I 
'nlurea  chieflj  iispoft- 

What  Is  the  pecoliiritj  □[  Tritton'*  aVnWtkni  kW«Wn»\ 
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pflfising  in  the  usual  way  through  a  large  body  of  cold  water,  ter- 
minates in  a  spacious  cavity  or  close  vessel,  from  which  the  air 
can  be  ertracted  by  an  air-pump  or  exhausting  syringe.  A  similar 
process  has  been  used  with  advantage  in  the  distillation  of  vinegar. 

101.  As  liquids  boil  readily  at  comparatively  low  temperatures 
when  the  pressure  of  air  or  elastic  vapour  on  their  surfaces  is  in- 
considerable, so  they  remain  unevaporated  at  relatively  high  tem- 
peratures, if  exposed  to  extraordinary  compression,  as  when  con- 
fined in  a  strong  close  vessel.  Such  an  engine  is  that  called  Papin's 
Digester,  from  the  name  of  the  inventor.  It  consists  of  a  metallic 
vessel  of  a  cylindrical  form,  with  very  thick  sides,  having  a  cover 
fitting  air-tight,  and  confined  by  a  cross-bar  fastened  with  screws. 
When  such  a  vessel,  p^urtlv  filled  with  water,  is  exposed  to  the 
heat  of  a  fire,  a  quantity  of  vapour  will  be  formed  within  it,  which 
being  prevented  from  escaping  will  press  powerfully  on  the  sur- 
face of  the  liquid,  and  prevent  ebullition,  though  the  heat  of  the 
water  be  raised  fiur  above  the  boiling  point,  while  the  quantity  and 
elasticity  of  the  included  vapour  or  steam  will  also  be  augmented. 
The  digester  ought  to  be  furnished  with  a  safety-valve,  which  may 
open  when  the  steam  acquires  a  certain  degree  of  force,  below  the 
estimated  pressure  which  the  sides  of  the  vessel  would  be  capa- 
ble of  withstanding,  and  thus  the  risk  of  its  bursting  if  over-heated 
would  be  obviated.  Such  machines  are  employed  for  extracting 
the  gelatinous  matter  from  bones  to  make  portable  soup,  and  for 
other  purposes. 

102.  llie  temperature  of  steam  is  always  the  same  with  that  of 
the  liquid  from  which  it  is  formed,  while  it  remains  in  contact 
with  tnat  liquid ;  and  as  the  elastic  force  of  the  vapour  is  in- 
creased in  proportion  to  its  degree  of  heat,  the  amount  of  pressure 
which  it  exerts  will  depend  on  the  temperature  at  which  it  is 
formed.  Hence  the  distinction  between  high  and  low  pressure 
steam  and  steam-engines. 

103.  When  steam  begins  to  be  produced,  as  in  the  process  of 
making  water  boil,  and  the  heat  overcomes  the  atmospneric  pres- 
sure on  the  surface,  small  bubbles  are  formed  adhering  slightly 
to  the  sides  of  the  vessel,  as  may  be  conveniently  observed  by 
using  a  Florence  fiask  or  any  other  thin  glass  vessel.  These  bub- 
bles are  formed  most  rapidly  at  those  points  against  which  the 
flame  is  most  strongly  directed ;  and  if  any  particular  portion  of 
the  surface  of  a  common  boiler  be  more  intensely  heated  than  the 
surrounding  parts,  and  the  metal  become  uncovered  by  the  liquid, 
when  the  water  again  comes  in  contact  with  it,  very  elastic  steam 

Uiidtir  what  circumstances  may  liquids  be  made  to  uadei^o  a  high  tem- 
pci*ature  without  evaporating  ? 

Describe  Papin's  digester. 

What  relation  exists  between  the  temperature  of  vapour  and  that  of 
tlie  liqaid  from  which  it  rises  ? 

What  distinction  arises  from  the  difference  of  temperatures  at  which 
it  is  produced  ? 

In  what  manner  mm  the  production  of  steam  finrt  iikiLii\fe^e^> 

Ja  wbatpartM  of  a  boiler  will  iu  developeireiit  be  moiX  e«i«^\Qa<(yQA\ 


in  the  interior  yessol 
Bels  at  the  same  temperatL 
of  the  outer  vosbcI  of  coun 
bottom  of  the  ii 
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will  be  luddenly  fonaed,  which  may  cauie  the  boiler  lo  bant. 
Bitch  appears  to  be  the  most  probable  mode  of  acccunting  fur  the 
nuiDeroua  accidents  lesultiDg  from  tlie  employment  of  steam  as  a 
moving  power. 

101.  Mr.  Perkins  has  Invented  an  improved  steam-boiler,  in 
which  a  cotiBtanC  circulation  of  the  water  is  kept  up,  through  ■  tuba 
or  open  cylinder  in  the  centre  of  the  boiler,  which  sweeps  ofT  Ifas 
bubbles  from  the  heated  Burface  of  the  veBsel  as  fiist  as  they  are 
produced ;  and  thus  the  formalion  of  iteam  goes  on  with  uniform 
regularity.  He  had  observed  that  two  Tessela  beinof  filled  with 
water,  and  one  placed  within  the  other,  when  heat  is  applied  so 
that  it  can  only  reach  the  inner  vessel  through  the  liquid  contained 
in  the  outer  one,  no  Bteam-bubbles  will  rise  in  the  former,  while 
thi^  will  be  lapidljT  formed  in  the  latter.  The  fluid  in  the  es- 
.=■;«>  -„o=„i  »„noio.,gg  of  water  mixed  with  air-bubblea,  and  IJwt 
of  water  only,  the  coatenls  of  the  two  Tea- 
will  differ  in  specific  Kravity,  Ifaose 
>eing  the  lightest.  If  therefore  Uie 
:  removed,  so  that  it  will  coustiluls 
an  open  cylinder  with  its  upper  edse  a  little  below  tfae  surface  of 
the  water  in  the  larger  vessel,  and  aupported  in  that  pMitiao,  at 
■hown  io  the  annexed  figure,  the  unequal  denutj  of  the  fluids  in 
the  exterior  and  interior  parts  of  the 
Lu  e  when  exposed  to  tlieactioncf  fire, 
n    t  cause  the  loiniaUon  of  a  circulating 

10  The  bubbles  contained  in  the 
^Me  of  the  outer  vessel,  adjoining  the 
Ii  e  will  nee  continually  to  the  suiuce; 
when  at  a  low  temperature  with  a  power 
son  ewhat  exceeding  the  difference  be- 
w  en  the  specific  gravities  of  air  and 
nnte  but  if  the  beat  be  augmented,  and 
he  b  bbies  formed  more  rapidly,  (he 
d  ffe  ence  of  specilio  gravity  of  the  re- 
spective fluids  will  be  increased,  aild 
also  llie  velocity  and  foroe  of  the  current. 
For  the  Huid  in  the  inner  vessel  or  cy- 
linder,  being  free  from  bubbles,  will,  io  consequence  of  its  supe- 
rior flpecific  gravity,  descend  and  arrange  itself  beneath  the  rising 
columns  of  uie  outer  vessel,  and  thus  continue  the  circulation. 

106.  If  the  fire  be  urged  so  as  (o  produce  an  extremely  intesse 
heat  around  a  boiler  of  this  construction,  so  rapid  and  forcible  witi 
hfl  the  ascending  current,  that  it  will  draw  into  i la  vortex  and 
carry  upwards  sand,   gravel,  or  stones,  or  almost  any  kind  of 


Id  render  the  wsiioo  of  (he  mi&ti 
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heary  saVstanee  of  moderate  size  which  may  happen  to  be  in 
the  boiler,  sweeping  off,  in  its  ascent,  all  the  steam-babbles  which 
form  on  the  interior  sarface  of  the  boiler,  and  keeping  it  clear  from 
fbe  Tmpoar  .which  might  otherwise  interrupt  the  free  passage  of 
the  heat  which  it  receives  into  the  water ;  and  by  the  unifoim  and 
eoDStant  aoitation  of  the  whole  mass  of  the  liquid,  a  regular  and 
■btmdant  d)sorption  of  heat  takes  places,  and  steam  is  evolved 
with  astonishing  rqiidity. 

107.  The  steam-engine,  a  machine  of  the  highest  importance, 
the  effective  power  of  which  depends  on  tiie  expansive  force  of 
steam  or  vapour,  its  general  constmction  and  mode  of  action  may 
here  be  described.  The  vapour  of  water  occupies  a  space  about 
1700  tMnes  larger  than  the  bulk  of  the  water  from  which  it  is 
formed ;  and  henoe  it  may  be  conceived  that  in  consequence  of 
its  expansibility  it  most  strongly  resist  compression,  and  that  the 
impetos  thus  obtained  may  be  variously  directed  or  modified  so  as 
to  produce  motion. 

106.  At  what  period  steam  was  first  employed  as  a  moving 

Ewer  is  aneertain.  However  ^e  mode  of  thus  applying  it,  was 
Lown  as  sariy  as  the  middle  of  the  seventeenth  century,  since 
flie  Bfaiqois  of  Worcester  in  his  *'  Century  of  Inventions,"  pub- 
lished in  the  reign  of  Charles  If.,  describ^  a  machine  for  pro- 
dacing  motion  by  the  force  of  steam ;  but  though  the  idea  of  using 
steam  as  a  moving  pow^r  seems  to  have  occurred  to  several  persons 
about  the  same  period,  the  invention  of  the  steam-engine  properly 
BO  called  may  be  fairly  ascribed  to  an  ingenious  man  named  New- 
oomen,  who  was  a  locksmith  in  the  West  of  England ;  and  a 
patent  for  such  a  machine,  for  raising  water  from  mines,  was  taken 
oat  by  Newcomen,  in  conjunction  with  Captain  Savery,  an  engi- 
neer, who  probably  contributed  to  the  improvement  of  the  inven- 
tion. 

109.  The  mode  in  which  steam  is  made  to  act  is  by  causing  it  to 
raise  a  solid  piston  working  in  a  cylinder,  like  that  of  a  forcing-pump 
or  fire-engine ;  and  the  piston-rod  rising  by  the  impulse  of  expand- 
ing steam  admitted  into  the  cylinder  below  it,  must  communicate 
motion  to  a  beam  or  lever  connected  with  it.  When  the  piston  is 
thus  raised,  if  the  steam  be  suddenly  condensed  or  withdrawn 
from  under  it,  a  vacuum  will  be  formed,  and  the  pressure  of  the 
atmosphere  on  the  piston  above  will  drive  it  down.  It  may  then 
be  raised  afresh  by  the  admission  of  more  steam,  to  be  condensed 
in  its  turn,  and  in  this  manner  the  alternate  motion  may  be  con- 

What  striking  effects  ai-c  said  to  be  produced  by  ihe  cun^ents  between 
the  two  cylinders  of  Perkins's  boiler  ? 

What  IS  the  relation  between  the  bulk  of  steam  and  that  of  the  water 
from  which  it  is  produced  ? 

How  early  was  the  force  of  steam,  as  a  mechanical  agent,  probably  ap- 
plied > 

Who  invented  the  steam-engine  ? 

In  what  manner  is  the  force  of  steam  applied  in  that  machine  ? 

In  what  way  did  the  atmospheric  engine  of  Newcomen  become  cffect- 
ire  after  the  piston  had  been  raised  by  the  steam  ? 

9D 
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tinued  indefinitely.  Newcomen*8  claim  to  be  conBidered  as  an 
inventor  depends  on  his  having  been  appareDtly  tbe  first  penoD 
who  conceived  the  idea  of  condensing  the  steam  the  moment  it 
had  effected  its  object,  by  throwing  into  the  cylinder  a  j^  of  eoU 
Hater. 

110.  Two  very  important  improyements  on  the  original  engine 
were  made  by  the  celebrated  James  Watt.  He  obsenred  that  fiie 
cooling  of  the  cylinder  by  the  water  admitted  into  it  lenaened  the 
expansibility  of  the  steam  it  receiyed,  and  that  thus  mueh  power 
was  dissipated :  to  preyent  which,  he  contriyed  a  method  of  with- 
drawing the  steam  firom  the  prineipal  cylinder  into  another,  in 
which  the  condensation  takes  place,  and  firom  which  the  water  it 
yields  is  retamed  to  the  boiler  to  form  firesh  steam.  The  other 
miprovement  consisted  in  employing  the  ezpansiye  fofee  of  steam 
to  depress  the  piston  as  well  as  to  raise  it.  In  the  original,  or 
atmospheric  engine,  the  piston,  as  above  stated,  was  driyen  down 
by  the  mere  impulse  of  atmospheric  pressure ;  but  in  the  improved, 
or  double-action  engine,  steam  is  admitted  into  the  cylinder  aboye 
the  raised  piston  at  the  same  mcnment  that  it  is  remoyed  below  it; 
and  thus  the  expansiye  foree  of  steam  is  exerted  in  the  returning 
as  well  as  the  ascending  stroke,  and  a  much  greater  impetus  is 
given  to  the  machinery  than  by  the  old  method.* 

On  what  does  lits  elaim  to  tbe  invenUon  of  the  steam-engine  rest  ? 
In  what  did  the  two  prineipal  improvements  of  Watt  eonsist  ? 
How  does  his  double-acting  engine  differ  firom  Newoomen's,  in  regard 
to  the  effective  mover  ? 

*  The  following  notices  concerning  the  invention  and  improvement  of 
the  steam-engine  are  furnished  by  Dr.  T.  Young : — ^Denis  Papin,  in  1695, 
published  an  account  of  *'  a  mode  of  employing  the  force  of  steam,  br 
removing  the  fire  continually  from  one  part  of  the  machine  to  another." 
Captain  Saver^  exhibited  a  model  of  a  steam-engine,  June  16,  1699, 
which  is  described  in  the  Philosophical  Transactions.  The  date  of  Sa- 
very  and  Newcomen's  patent  for  a  steam-engine  is  in  the  year  1705  ;  and 
the  latter  "  introduced  the  piston."  Among  the  improvers  of  this  valu- 
able machine,  Dr.  Young  mentions  the  names  of  De  Moura,  Sineatoo, 
Beighton,  Francois,  who  contrived  **  an  engine  without  a  piston,  working 
the  coclcs  by  a  tumbler ;"  Droz,  Cartwright,  Hornblower,  Woolf,  snd 
Edelcrantz,  besides  Vf  A.-rr,-— Lecture*  m  J^atural  PhUo9ophy^  1807,  vol. 
ii.  pp.  257,  258. 
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lit.  "nie  praeedin^  figure  vill  enable  ihe  reider  U 
reet  iiis\  of  the  piimnpiu  parta  of  a  Bteam-engine.  and  of  ita  mode 
3f  action.  AB  denotes  the  principal  cylinder;  P  its  pUtoiii  act- 
ing by  iU  rod  Y  on  tbe  extremity  of  the  beam  G  H,  the  ottter  ex* 
iremity  of  wbich  U  connected  with  the  fly-wheel ;  C,  a  tabe  or 
passage  by  which  steam  formed  in  the  boiler  is  conveyed  to  the 
;onductingf  pipea  T  U,  to  he  admitted  on  either  side  of  the  piston 
Paltemately;  O,  the  fly-wheel,  which  by  the  rods  R  S,  moTing 
eccentrically,  acts  upon  the  rectangnlar  lerer  V,  which  hy  means 
of  tbe  valve  Z  regulates  the  admisBion  of  steain  by  the  conduct- 
Delineate  teparstely  the  icTenil  p«rti  of  Watli'i  double-acting  low 
^mre  enrinej  and  elpbin  their  o>ei. 
Make  a  anwiag  oT  Ibe  whole  ei^oe,  and  thow  Ibc  BOnnwtm  ^  '&«!:••• 


li^  pipM  S  H,  the  condenser ;  X,  a  tube  by  wliicb.  the  Bteam 
jmMMtm  from  tha  cjlinder  into  the  condenser ;  N,  a  tube  to  conTrf 
die  water  ■fter  condenHstion  to  the  pump  L ;  F,  the  piston  of  tiie 
ptunp  It,  woilMd  b  J  itB  rod  G  attached  to  the  beam  G  H ;  K  the  pi^ 
toii'^ad  of  a  pomp  to  injpct  water  into  the  condenser. 

119.  Traai  diis  description,  the  mode  of  action  of  the  engine 
may  be  TMdily  understood.  Suppose  the  piston  P  tobeat  (heiop 
of  Iha  ejUnAar  A  B,  the  lower  part  being  filled  with  et«am,  tbvn 
hj  mrana  of  Ibe  lever  V,  the  ataam-TalTe  Z  will  be  drawn  down 
•o  as  lo  admit  rleam  by  the  upper  branch  6f  the  conducting  ptpeU, 
lato  th4  cyliBdar  above  the  piston  :  and  at  the  same  time  a  pas- 
tage  will  to  Qpened  to  let  the  steam  betow  escape  into  die  cdd- 
dsMer.  Thv  the  pjslon  will  be  driTen  to  the  bottom  of  tha  cy- 
'--'—  — ^—  -L     ..  1  g  again  opens  to  admit  steam  bj  ine 


Thos  the  pnBTier  in  which  the  piston  allemaiely  ri 
fa  ahown,  and  by  the  connexion  of  its  rod  with  the  I 
works  tha  pom  ps,  and  turns  the  fly-wheel,  whence  the  moviag 
power  luf  be  propaffaied  through  trains  of  machinery  fbr  anj 
pnrpoae  reqniied.  The  fly-wheef  may  be  moved  In  the  manner 
iepresei|ted  in  the  liyurc,  by  a  crank  connected  with  a  rod  descemJ- 
injr  from  the  arm  H  of  the  grenl  lever ;  or  the  toothed  wheels 
caned  tlia  ana  and  planet  wheel  nnf  ba  ippUad,  I4  tiM  mod*  tW 
has  been  e^^lained  elsewhere.' 

113.  Vanona  other  amuufementa  are  adcvled  for  modifjiw  or 
regulating  the  motiona  of  different  [^itl  w  the  machine.  .  Am 
the  piston  rising  vertieallj  la  eonnected  bj  a  ajatem  of  jalnlad 
rode  with  the  extremity  of  the  ana  Oof  tM great  larar;  uadai 
that  lever  turns  on  a  pivot,  tha  end  of  the  annmnatlonnaBHeaf* 
circle,  but  by  means  of  tbp  rods  the  motio*  is  sg  modified  thai  lbs 
piston  is  allowed  to  riae  in  a  surre  of  doable  onrvatoie  of  ao  luvs 
radii  at  the  point  described,  as  not  to  di^  Beosiblr  fnon  a  rig^t 
tine.f^  Another  contrivance,  r^^latingtfievelocity  of  a  steam-Mi- 
gine,  is  that  called  the  governor,  pievioosly  described,  which  by  the 
risiag  of  the  revolving  li^lla  olosea,  and  by  Iheir  deaeeat  «pe>w  ifaa 
passage  frora  the  boiler  to  the  cylinder;^  and  thei* ai«  Tuinu 
others  adapted  to  particular  piiipoaea. 

114.  It  has  beea  mentioned  that  the  degree  of  tlia  elaatio  fixca 


Bj  vtuic  tvD  mclhada  ha>  Ihe  alinvatias  ■•oMopaf  lb*  pUMs  rod  bxa 
eonvn-tert  into  eaniinned  roUry  boIimi  t 

For  wh«t  purpoM  ]■  Die  quen  of  iinnted  rods  Invented  by  Watt  w- 
pned  to  the  iteim-m^ne  ? 

Whst  i<  the  eUKicily  of  itaim  lued  in  engina  aetii^  m  Ihe  printi^ 
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engine  the  steam  used  is  generally  formed  under  a  pressure  not 
exceeding  twenty  pounds  on  a  scfuare  inch,  and  therefore  when  the 
expansive  force  of  the  steam  exceeds  it,  the  valve  opens,  and  the 
force  of  the  steam  is  consequently  reduced.  This  pressure  is  only 
fiye  pounds  more  than  that  of  the  atmosphere,  and  the  boiler  is  fur- 
nished with  a  safety-valve,  loaded  with  that  weight  to  each  square 
inch  of  its  surface ;  but  in  the  double-action  engine,  the  pressure 
of  the  atmosphere  being  excluded,  the  whole  pressure  or  twenty 
pounds  is  by  the  aid  of  the  condenser  made  available ;  and  thus 
such  an  engine,  if  its  piston  be  of  equal  size,  will  have  the  same 
power  as  a  high-pressure  engine  working  with  steam  of  the  force 
of  thirty-five  pounds  on  the  square  inch,  because  fifteen  pounds 
are  here  employed  in  oyercominff  the  resistance  of  the  atmosphere, 
into  which  the  steam  is  finally  thrown. 

115.  The  high-pressure  engine,  being  simpler  in  construction, 
as  well  as  smsQler,  than  the  double-action  low-pressure  engine, 
is  more  advantageously  used  than  the  latter,  where  it  is  requi- 
site to  employ  considerable  power  within  a  confined  space; 
and  therefore  it  has  been  adopted  in  steam  carriages.  In  these 
engines,  the  steam  is  not  condensed,  but  is  suffered  to  escape, 
afler  it  has  acted  on  the  piston ;  and  as  it  is  formed  under  extra- 
ordinary pressure,  varying  from  fifty  or  sixty  to  two  hundred  and 
sixty  pounds  on  the  square  inch,*  its  expansive  force  is  relatively 
very  great.  The  attention  of  Uiose  who  have  been  engaged  in 
the  construction  and  improvement  of  steam-carriages  has  there- 
fore been  chiefly  directed  to  the  contrivance  of  boilers  in  which 
high-pressure  steam  may  be  formed  with  the  least  possible  risk 
of  explosion;  and  Mr.  Goldsworthy  Gumey  and  others  appear  to 
have  so  far  succeeded  as  to  have  produced  carriages  worKed  by 
steam  in  which  persons  may  travel  at  least  as  safely  as  in  coaches 
drawn  by  horses,  and  witib  a  degree  of  velocity  incomparably 
greater. 

How  much  of  the  force  of  high  steam  is  lost  by  the  resistance  of  the 
air  to  its  final  expulsion  from  the  cylinder  ? 

Wliat  renders  the  high-pressure  eogiue  peculiarly  adapted  to  locomo- 
tive carriages  ? 

*  See  Grordon's  Treatise  upon  Elemental  Locomotion,  1832,  pp.  62, 
80,  96,  and  100. 
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116.  The  high-pressure  steam  enfline  invented  by  Oliver  Erans 
of  Philadelphia,  in  1784,*  and  for  which  he  obtain^  a  patent  from 
the  state  of  Maryland  in  1787,  (the  confederated  states  not  having 
adopted  a  general  system  of  patents,)  is  the  original  of  all  those 
powerful  machines  which  for  the  last  few  years  have  astonished 
the  world  with  their  wonderful  performances. 

117.  The  accompanying  figure  is  a  pretty  accurate  representa- 
tion  of  a  model  of  Evanses  engine,  now  in  the  collection  of  the 
Franklin  Institute.  By  a  comparison  with  the  machine  of  Watt, 
it  will  be  seen  how  greatly  the  genius  of  its  inventor  had  simpli- 
fied  the  structure  which  has  called  forth  such  lofty  encomiums^ 
from  some  of  Watt's  biographers.  It  must  be  remembered  that 
the  inventor  was  not  insensible  to  the  peculiar  adaptation  of  his 
machine  to  the  purposes  of  locomotion  on  land,  but  that  this  was 
one  of  the  express  objects  of  his  patent.  The  parts  of  the  high- 
pressure  engine  will  be  understood  by  a  reference  to  the  figure. 

1 18.  A  is  the  working  cylinder,  to  which  the  steam,  equal  to 
several  atmospheres  in  pressure,  is  admitted  by  the  pipe  o  and 
the  rotary  valve  v. 

B  is  the  boiler  of  a  cylindrical  form,  with  a  return  flue  placed 
below  the  centre  of  the  outer  shell,  so  as  to  be  constantly  covered 
with  water  when  it  stands  about  at  the  level  of  the  line  B. 

S  is  the  smoke  pipe  springing  from  the  interior  flue,  after  the 
latter  leaves  the  head  or  the  boiler. 

119.  G  is  the  fire  grate  or  furnace,  from  which  the  flame  passes 
in  the  direction  ihdicated  by  the  arrow. 

P  is  the  force  pump,  which  draws  water  from  a  reservoir  of  hot 
water,  R,  placed  above  its  own  level.  This  water  is  kept  hot  by 
the  steam  which  escapes  from  the  cylinder  *A  after  it  has  perform- 
ed its  office  there. 

p  is  the  pump  rod  connected  with  the  moving  beam  above. 

y  is  the  safety  valve  connected  with  the  boiler  and  furnished 
with  a  ^daated  lever  and  weight  to  regulate  the  pressure. 

120.  I  is  the  working  beam  connected  to  an  upnght  support  by 
the  two  rods  kk^  to  the  oscillating  triangle  T,  the  pump  rodp,  the 
pislon  rod  /,  and  the  shackle^ar  £,  which  last  gives  motion  to  the 
fly-wheel  W. 

^  is  a  toothed  wheel,  geared  to  another  of  the  same  diameter, 
which  l)eing  connected  with  the  two  equal  bevel  wheels  at  e,  com- 
manicate  motion  to  the  rotary  valve  o. 

8  is  the  escape  pipe,  by  which  the  steam  is  conducted  to  tho 
tank  or  reservoir  R. 

By  what  means  is  the  flow  of  steam  into  the  cylinder  in  Evans's  engine 
tHowed  to  take  place  ? 

How  is  the  interior  flue  arranged  in  reference  to  the  water  line  ? 

How  is  the  hot  water  force  pump  arranged  with  relation  to  the  reser- 
Totr  from  which  it  is  supplied  ? 

What  is  the  purpose  of  the  two  small  bevel  wheels  seen  in  the  figure  ? 

*  Evans  began  to  build  steam-engines  on  his  plan  in  1801,  but  in  1794 
h«  had  sent  drawings  and  specifications  to  England,  where  thc^  T«.tEA\TAdL 
<Hi  the  death  of  Mr,  S»mp9on,  by  whom  they  were  tarried  qkiX.'— Ya« 
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Propagation  of  Heat* 

Idl.  Wheti  any  considerable  mass  of  matter,  whether  consi8^ 
ing  of  a  single  substance,  as  a  body  of  water  or  atmospheric  air, 
or  of  sevetal  substances  mingled  together,  exhibits  a  uniformity 
of  temperature,  if  another  siH)Stance,  either  more  or  less  heat^ 
than  the  general  mass  be  added  to  it,  the  equilibrium  of  tempera- 
ture will  be  partially  disturbed,  for  a  time,  and  then  restored ;  the 
whole  mass  takinjg  heat  from  the  substance  added  to  it,  if  the 
latter  be  comparatively  hotter  than  the  mass,  and  givine  out  heat 
to  it.  if  it  be  relatively  cooler.  Heat  is  thus  propagated,  or  eom- 
mumcated  from  one  body  to  others,  having  a  tendency  to  become 
l?enerally  difiused  among  bodies,  and  cause  them  aU  to  exhibit 
me  same  de^ee  of  thennometrical  traaperature.  There  are  two 
modes  in  which  the  propagation  of  heat  may  take  place;  namely, 
by  conduction,  and  by  radiation. 

122.  Propagation  of  heat,  by  conduction,  always  takes  place 
when  any  substance  is  brought  into  contact  with  another  which  is 
relatively  colder.  Hence  it  is  that  the  temperature  of  the  air  in 
deep  cellars  and  caves  seems  to  be  higher  in  winter  than  in  summer. 
The  degree  of  heat  in  such  places  is  at  both  seasons  nearly  the 
same ;  but  the  surface  of  the  body  in  winter  bein^  colder  than  the 
air  of  a  subterraneous  cave,  will  attract  the  heat  trom  it,  and  in  the 
summer,  on  the  contrary,  the  air  will  rob  the  body  of  its  superior 
heat.  It  appears,  from  the  experiments  of  MM.  Bertholet,  Fictet, 
and  Biot,  that  heat  is  communicated  more  readily  by  a  stroke  or 
blow  from  a  heated  body  than  by  simple  contact.* 

123.  The  laws  of  the  propagation  of  heat  through  bodies  by 
condaction,  may  be  deduced  from  the  following  experiment:  sup- 
pose a  bar  of  metal,  two  or  three  yards  in  length,  to  be  placed  in 
<;ommunicatlon  with  a  constant  source  of  heat,  and  let  ten  hoIf» 
be  bored  in  it  at  equal  distances  from  each  other,  from  one  end  to 
the  other,  and  filled  with  mercury,  thermometers  being  plunged 
into  the  fluid  metal  in  all  the  holes ;  then  deducting  the  difference 
of  the  temperature  of  the  air  from  that  of  the  several  thermome- 
ters, we  obtain  the  temperature  of  the  bar  at  so  many  relative  dis- 
tances from  the  source  of  heat.  These  distances  must  necessarily 
constitute  an  arithmetical  progression  of  numbers,  and  it  will  be 

What  effects  result  when  a  mass  of  matter  at  one  temperature  is  mixed 
with  another  mass  at  a  different  degi'ee  of  heat  ? 

In  how  many  modes  does  the  propagation  of  heat  take  place  ? 

What  is  meant  by  the  term  conduction  ? 
^  What  effect  has  percussion  produced  by  a  hot  body  difiTerent  from  that  of 
simple  contact  f 

In  what  manner  may  the  laws  of  the  propagation  of  heat  through  bodies 
be  estimated  ? 

What  progression  will  the  diminutions  of  temperature  follow  when  the 
points  of  the  solid  under  examination  are  at  distances  from  tlie  source 
of  heat  forming  an  arithmetical  series? 

•  Meraoireft  A^  A.v«u«tv\,  \-  \\.  v  ^7. 
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found  that  the  decrease  of  temperatare  will  take  place  in  a  geo* 
metricadprogression,  forming  a  rapidly  diminishing  scale  of  num- 
bers. The  rate  of  diminution^ of  heat  is  indeed  so  rapid,  that  it 
would  be  impossible  to  raise  the  temperature  of  one  end  of  a  bar 
of  iron  two  yards  and  a  half  in  length,  a  single  degree,  by  any 
heat  applied  to  the  other  extremity ;  for  the  heat  requisite  for  that 
purpose  would  be  greater  than  what  was  sufficient  to  melt  the  iron, 
as  might  be  shown  by  calculation. 

134.  Though  heat  has  a  tendency  to  spread  by  conduction 
tiiToagh  all  bodies,  yet  some  receive  and  gire  it  out  with  much 
greater  facility  than  others.  Among  solid  substances  the  power 
of  conducting  heat  raries  yery  considerably.  Metals  in  general 
oonduct  it  mote  readily  than  wood,  and  the  power  of  conduction 
is  different  in  different  metals.  Hence  the  hzindle  of  a  metal  tea- 
pot or  coffee-pot  is  commonly  made  of  wood ;  since  if  it  was  of 
metal,  it  would  become  too  hot  to  be  grasped  with  the  hand,  soon 
after  the  yessel  was  filled  with  boiling  water. 

125.  Dr.  Ingenhousz  ascertained  the  difference  of  conducthig 
power  among  several  metals,  by  dipping  into  melted  bees-wax 
cylindrical  rods  of  various  metals  of  the  same  dimensions,  and 
when  the  equal  coatinff  of  wax  on  all  the  rods  was  become  solid 
by  cooling,  he  plunged  them  to  the  same  depth  into  heatad  oil, 
and  from  the  difference  of  time  required  to  melt  the  wax,  in  each 
ease,  he  inferred  the  conducting  power  of  the  respective  metals* 
It  thus  appeared  that  silver  was  the  best  conductor  of  heat,  then 
gold,  tin,  copper,  platina,  steel,  iron,  and  lead.  So  that  the  power 
of  conduction  in  metals  seems  to  be  independent  of  their  density, 
tenacity,  or  fusibility ;  for  the  specific  gravity  of  silver  is  inferior 
to  that  of  gold  or  platina,  yet  its  conoueting  power  is  flpreater ; 
while  it  has  less  tenacity  than  either  of  those  metals ;  and  it  is  not 
so  readily  fosible  as  tin  or  lead. 

126.  Next  to  metals,  precious  stones,  as  the  diamond,  the  tqmi, 
and  other  dense  earthy  compounds,  appear  to  be  the  readiest  con- 
ductors of  heat :  then  stony  bodies,  porcelain,  and  glass,  and  po- 
rous earthy  compounds,  such  as  brick  and  pottery.  Wood  con- 
ducts heat  very  imperfectly,  whether  in  its  usual  state  or  in  that 
of  charcoal ;  either  of  which  may  be  held  by  the  fingers  very  near 
the  part  which  is  burning  and  red  hot. 

137.  Animal  and  vegetable  substances  of  a  loose  texture,  as 
fur,  wool,  and  cotton,  are  extremely  indifferent  conductors  of  heat. 
Hence  their  utility,  either  as  natural  or  artificial  clothing,  in  pre- 
serving the  warmth  of  the  body,  in  consequence  of  the  obstruc- 
tion they  present  to  the  passage  of  heat  through  them.     It  is  pro- 
How  far  might  a  bar  of  iron  be  heated  by  exposing  one  end  only  to  the 
moat  intenae^eat  f 
Which  class  of  solids  comprises  the  best  eonduetors  of  heat  ? 
To  what  practical  purpose  is  the  low  conducting  power  of  wood  sppli- 
eable? 

What  order  did  Ingenhousz  find  among  Uie  metals  in  regard  to  ooadost- 
ingpower  ? 

vhiMt  elMss  ofhodiet  boid  (he  second  place  in  eoadAcWoa^ 


bable.  however,  that  b  such  cases  the  effect  partly  dependf  oa 
ths  qaaniities  of  air  oontaiaed  in  the  inteistioes  of  BDch  loose  sob' 
stances ;  eioce  air  is  one  of  the  very  worst  conducloi%  of  heat. 

13B.  Liquids  condnct  heat  venr  slowly  and  imperfsctl;.  if 
mercnrj  he  poared  into  ajar,  and  boiltog  water  poured  orer  it,  the 
metaJllo  fluid  will  leceive  lieat>bat  slowly  from  the  walsr  abore 
it  A  thenDDmeter  let  down  a  few  feet  below  the  snrfaGB  of  a 
pond  or  of  the  sea,  woald,  on  being  drawn  up,  indicate  a  lower 
temperature  than  that  of  the  sortace  water ;  for  the  latter,  heated 
by  the  rays  of  the  snn,  would  commonicate  by  condactioD  little 
or  no  heat  to  the  water  below.  Indeed  it  has  been  questioned 
'  whether  water  hss  the  power  of  converiag  heat  at  all  by  condnctioii. 
139.  In  the  marginal  figure,  let  A.  represent  a  cy- 
lindrical jar  of  water,  with  an  air  thermometer,  C, 
immersed  in  it,  and  having  its  bnlb  verr  near  the 
snrlace ;  B  is  a  small  copper  hvin  floating'  on  the 
water  jnst  above  the  bnib,  and  sepamted  from  it 
only  by  a  thin  atcatnm  of  the  aqaeons  fluid ;  yet, 
^  —a  ja  when  bamingcharcoa1isplacedinlhebaBin,thongfa 
^.^  the  snrlace  of  the  water  beneath  it  may  be  heated  lo 

te**t-^     •he  boiling  point,  the  temperature  jost  below  will 
^^>.^— ^     scarcely  he  snfficient  to  produce  any  effect  on  the 
''       't  may  be  condnded  that  water  does  not 


ed,  by  placing  it  abore  the 
!c  of  heat.  Thus,  the  lower  stratum  of  the  liqiiid,  being  eipand- 
etl  by  the  heat  communicated  to  it  through  the  bottom  of  the  con- 
taining vessel,  rises  to  the  top  in  consequence  of  its  inferiority  of 
specific  gravily,  and  iKe  water  above  sinks  down  to  supply  iis 
place  and  be  heated  in  the  same  manner,  ^11  the  whole  mass  ac- 

!|Uires  the  same  temperature.  The  mode  in  which  ebullition  is 
acilitated  by  the  formation  of  air-bubbles,  and  the  ensaing  circu- 
lation of  the  fluid  in  ascending-  and  descending  currents,  has  been 
already  described. 

131.  Air,  like  water,  appears  to  have  no  observable  effect  on  the 
propagation  of  heat  by  conduction  ;  and  it  may  be  concluded  that 
gaseous  fluids  conduct  heat,  if  at  all,  with  degrees  of  difGculty  in- 
creasing in  proportion  to  their  rarefaction.  It  \s  owing  to  the  ex- 
treme  rarefaction  of  the  atmosphere  at  great  distances  from  the 
coDunon  level  of  the  earth's  surface,  as  upon  high  mountains,  and 

b»bl7  depend  for  llieir  low  Mrldu'linB^'w'r' '^^"^       "  *"  '    "'*'''"*' 
Whil  fscu  and  experimcnu  show  the  low  coniliicting  power  of  llodiili? 
Elplnin  the  appBrstill  bj  which  Ihla  pijnciplc  i>  illusIrsteU. 
How  ilaei  Ii  iippeiir  that  the  npid  EDmrnunication  of  lieit  to  water  li 

•oniiUenl  with  iu  low  eonducling  power  } 
In  »bs(  manner  do  csmoiu  btSliet  on&iirasiule  hat  ? 
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its  increased  capacity  for  heat,  that  the  excessive  cold  obsenrable 
in  such  sitaations  is  to  be  attributed.  Yet  though  the  atmosphere 
is  so  bad  a  conductor  oi  heat,  substances  may  be  warmed  or  cooled 
by  the  relative  temperature  of  the  air;  for  the  expansion  of  air  by 
heat,  and  necessary  production  of  aerial  currents,  causes  a  rapid 
transmission  of  heat  throogh  the  air,  and  thus  the  temperature  of 
any  body  in  contact  with  it  may  be  raised  or  lowered  acceding  to 
eiicnmstaiiees.  Air  also  readily  conveys  heat  by  radiation,  as  will 
be  sabsequently  explained. 


The  Calorie  Engine, 

133.  The  prindple  of  communicating  heat  by  circulation^  is  ap« 
plied  in  connexion  with  the  rapid  absorption  and  subsequent  com- 
monicatioa  of  heat  by  metallic  bodies,  in  the  construction  of  a 
machine  which  has  recently  been  invented  b^  Mr.  Ericson,  of 
London.  It  is  called  the  Calonc  Engine,  and  is  actuated  by  the 
successive  dilatation  and  contraction  of  a  quantity  of  compressed 
and  partially  heated  atmospheric  air,  or  other  permanent  gas. 

133«  This  air  or  gas  being  made  to  circulate  in  opposite  cur- 
rents throueh  a  series  of  snmll  metallic  tubes,  causes  a  consSant 
transfer  of  heat  from  one  part  of  the  machine  to  another,  whereby 
an  alternate  dilatation  ana  contraction  of  the  impelling  medium  iq 
effected  and  kept  up.  » 

134.  Thus  the  Cfaloric  Engine  possesses  a  novel  and  important 
feature  when  compared  with  the  steam-engine,  viz.,  that  er  being' 
actuated  over  and  over  again  by  the  same  heat,  or  nearly  so ;  and 
it  may  be  added,  that  it  presents  to  natural  philosophy  an  illustra- 
tion of  the  feet  that  heat  does  not  lose  its  energy  in  producing  me- 
chanical force,  but  remains  in  undiminished  quantity  after  having 
cmused  the  dilatation  which  produces  that  force.  At  the  same  time 
this  new  invention  presents  to  mechanical  science  a  wide  field  for 
improvement,  since  (unlike  the  steamrengine)  its  principle  is  such 
that  the  quanti^  of  force  it  produces  has  no  other  relation  or  pro- 

J portion  to  the  mel  it  requires  than  that  established  by  a  more  or 
ess  perfect  machine  and  transferring  apparatus. 

135.  The  action  of  the  Caloric  Engine  and  the  transfer  of  the  heat 
wUl  be  ready  understood  by  referring  to  the  annex^  diagram. 

On  what  principle  is  Ericaon's  ealorlo  ei^pne  oonitraoted  ' 
What  essential  feature  does  it  possess  diTOrent  from  that  of  the  iteam^ 
engine  ? 


FYKOMOHlCt. 


136.  The  en^ne  eonristt  of  two  eyliodnB,  A  Bnd  B,  of  une^oi 
(tiameteis,  the  lai^  one  bein?  always  kept  at  a  high  temperBtaie, 
and  theamBll  one -ftlways cool.  Thrmeytinders are  pTonded  with 
platoBS  and  Talves,  eimtlBT  to  those  of  a  high-preasnre  Bteam-en- 
gine,  and  their  piaton-rods  are  connected  bo  that  the  one  piston 
cannot  move  without  the  other.  The  two  cylindeEs  commnnicale 
with  each  other  by  meana  of  a  rumbrr  of  small  tubes,  C,  passing 
throuffh  a  Tcsael,  D.  called  the  tegenerator,  and  all  terminating  in 
chambeiB  or  caps,  E  and  F,  attached  to  the  ends  of  the  regenerator, 
and  BO  arranged  that  the  hot  air,  al^r  having  performed  its  duty  in 


le  ii  the  Isrpr  nrlinder  of  Eri 
icmal  parii  of  tk'ti  mubXiw 


U  ftiBn  i«enl«w«. 
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the  laxve  or  working  cylinder  A,  passes  through  the  pipe  6,  into 
the  bo^  of  the  regenerator  D,  for  the  purpose  of  giving  out  its  heat 
to  the  small  tubes  C,  in  its  passage  towards  the  small  cylinder  B, 
and  thereby  becomes  cooled  and  reduced  in  volume. 

137.  In  order  to  effect  this  more  completely,  a  number  of  parti- 
tions,  H,  having  segments  cut  out  alternately  from  their  tops  and 
bottcmis,  are  introduced  into  the  body  of  the  regenerator,  givinsr  a 
veij  cireuitoos  motion  to  the  hot  air  in  its  passage  from  the  pipe 
G  to  the  pipe  K. 

The  cold  air,  forced,  by  the  action  of  the  piston  of  the  small 
cylinder  in  a  contrary  direction,  through  the  small  tubes  C  (these 
being  also  provided  with  small  partitions  for  changing  or  intermix- 
ing the  particles  of  air),  will,  during  its  passage  from  the  cap  F 
to  the  cap  E,  on  its  way  to  the  hot  cylinder,  take  up  the  heat  im- 
parted to  those  tubes  by  the  contrary  hot  current  which  passes 
through  the  body  of  the  regenerator,  and  thereby  become  heated 
and  enlarged  in  volume. 

138.  It  will  be  evident  that  if  compressed  air  be  admitted  into 
both  cvlinders  on  one  side  only  of  their  pistons,  the  greater  sur- 
&ce  of  the  one  will  be  acted  upon  with  greater  force  than  the  less 
sor&ee  of  the  other;  hence  motion  must  ensue :  and  by  reversing 
the  poeition  or  the  ''  slide  valves"  at  the  termination  of  each  stroke, 
it  will  be  continued.  It  need  hardly  be  stated  that  the  difference 
of  the  ttoiumes  of  ur  contained  in  the  two  cylinders  will  cause 
neither  deficiency  nor  accumulation  during  the  action ;  because  in  the 
large  cylinder  the  air  is  in  a  heated  state,  and  in  the  small  one  cold. 

139.  Some  loss  of  heat  will  of  course  be  unavoidable  in  the 
transferring  process,  and  this  is  compensated  by  passing  the  air, 
previous  to  its  entering  the  hot  cylinder,  throueh  a  series  of  small 
tubes,  L,  communicating  with  the  cap  E,  ana  induction-pipe  Q, 
and  ezpoeed  to  fire,  contained  in  a  stove,  M ,  the  combustion  being 
supported  by  ordinary  draught,  and  the  waste  heat  made  to  pass 
round  the  regenerator,  and  carried  off  at  N  into  a  common  chim- 
ney. At  the  same  time  the  air  which  has  passed  through  the  body 
of  the  regenerator  still  retains  a  small  Quantity  of  heat  when  en- 
tering the  pipe  K ;  it  is  therefore  passed  through  tubes  O,  immersed 
in  cold  water,  or  exposed  to  some  other  cooling  medium,  previous 
to  entering  the  small  cylinder. 

140.  Iao  marked  difference,  then,  between  the  caloric  engine 
and  the  steam-engine  consists  in  this :  that  the  heat,  which  is  re- 
quired to  give  motion  to  the  caloric  engine  at  the  commencement, 
is  returned  by  the  transferring  process,  and  thereby  made  to  work 
the  engine  over  and  oyer  again,  requiring  but  a  small  addition  of 
beat  to  compensate  for  losses  caused  by  radiation,  &c. ;  while  on 

IVhat  is  the  purpose  of  the  small  perforated  partitions  in  the  regene- 
rator, and  in  its  ineladed  tubes  } 

To  what  cause  of  loss  is  the  air  in  this  engiDe  exposed  ? 

How  is  that  loss  supplied  ? 

How  is  the  quantity  of  disposable  foree  in  this  engine  proportioned  to 
the  aixe  of  the  two  eyliaders  respeetively? 

SE 
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the  other  hand,  in  the  steam-engine  the  heat  is  eonstantly  kwt  hf 
being  thrown  either  into  a  cold  condeoser,  or  into  the  atmotpheiBi 
like  so  much  waste  fuel. 

141.  From  what  has  been  stated  it  must  he  inferred  that  thon 
bodies  which  absorb  heat  most  freely  also  part  with  it  most  rapidly ; 
that  is,  they  are  sooner  heated  and  more  speedily  become  coom 
than  other  bodies.  Metals,  which  are  generally  the  best  oondoD' 
tors,  and  therefore  communicate  heat  soonest,  cannot  be  handled 

-when  raised  to  a  temperature  of  more  than  130  deff.;  water  be- 
comes scalding  hot  at  150  deg. ;  but  air  applied  to  &e  skin  oce» 
sions  no  very  painful  sensation  when  iti  neat  is  fea  beyond  thtl 
of  boiling  water. 

142.  Some  curious  experiments  on  the  power  of  the  human  bodv 
to  withstand  the  influence  of  heated  air  were  made  by  Sir  Josepo 
Banks,  Sir  Charles  Blasden,  Dr.  Solander,  and  Dr.  George  For 
dree ;  and  an  account  of  them  was  published  in  the  Philosophies] 
Transactions  for  1775.  These  gentlemen  found  that  they  eonld 
remain  for  some  time  without  inconyenience  in  a  room  when  the 
heat  was  5S  deg.  aboye  the  boiling  point.  But  though  they  could 
thus  bear  the  contact  of  the  heatmL  air,  they  could  not  heu  to 
touch  any  metallic  substance,  as  their  watch-chains  or  money. 
Eggs  placed  on  a  tin  frame  in  the  heated  room  were  roasted  hard 
in  twenty  minutes ;  and  a  beef-steak  vras  overdone  in  thirty-three 
minutes.  Similar  experiments  haye  been  often  repeated,  especidly 
by  persons  who  have  made  public  exhibitions  of  their  power  ol 
sustaining  heat,  in  which,  however,  there  is  nothing  extraordinary, 
or  which  may  not  be  explained  as  the  result  of  habitual  practice. 

143.  Mr.  Chantroy,  the  celebrated  sculptor,  made  some  obse^ 
vations  analogous  to  those  just  noticed,  by  means  of  a  stove  oi 
oven  which  he  uses  for  drying  plaster  casts  and  moulds.  A  ther* 
mometer  suspended  in  this  heated  cell,  usually  stands  at  .300  deg. 
yet  the  workmen  enter  and  remain  in  it  occasionally  some  minutes, 
without  difficulty.  Persons  unused  to  such  a  temperature  found 
that  they  could  easily  support  the  heat  for  a  short  time ;  but  one 
gentleman  inadvertently  entering  the  oven  with  a  pair  of  sil?ei 
mounted  spectacles  on,  had  his  f^e  burnt  where  the  metal  cameir 
contact  with  the  skin ;  thus  experimentally  ascertaining  the  dif 
ferent  effect  of  air  and  silver  at  the  same  temperature. 

144.  On  the  strong  attraction  of  metals  for  heat,  and  the  conse- 
quent facility  with  which  they  abstract  it  from  other  bodies,  de 
pends,  in  a  great  measure,  the  effect  of  Sir  Humphry  Davy'« 
safety-lamp,  to  be  used  in  mines,  or  other  places  infested  with  that 
kind  of  inflammable  gas  called  fire-damp.     Flame  is  gas,  oi  aii 

What  relation  exista  between  the  power  of  bodies  to  absorb  and  tt 
communieate  heat  ? 

How  is  the  difference  of  various  substances  in  this  partieular  strikiDglj 
exhibited  ? 

Describe  the  experiments  of  Banks,  Blagden,  and  othera. 

What  curious  observations  were  made  by  Chantrey  ? 

On  what  priueiple  is  the  uaefiilaett  of  Davy's  lafety-lamp  dependent f 
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in  the  state  of  combustion,  and  all  gases  require  a  very  high  tern* 
peratuie  to  make  them  bum ;  so  that  the  flame  of  gas  becomes 
extinguished  by  lowering  its  temperature.  ,  This  may  be  experi- 
mentally demonstrated  by  approaching  to  a  weak  flame  a  large 
mass  oi  iron,  as  by  gradually  lowering  a  thick  iron  ring  over  the 
ftame  of  a  small  cotton  thread  dipped  in  oil ;  which,  being  deprived 
of  its  heat  by  the  metal,  would  go  out. 

145.  In  a  similar  manner,  the  temperature  of  any  inflammable 
vapour  may  be  reduced  below  what  may  be  termed  the  burning 
point,  by  passing  through  fine  wire-gauze.  Thus,  if  a  small  por- 
tion of  camphor  be  placed  in  the  centre  of  a  piece  of  wire-gauze 
about  a  foot  square,  and  a  lighted  candle  applied  to  the  under  sur- 
face, the  TapouT  of  the  camphor  will  be  kindled  and  burn  below 
the  gauze,  without  passing  through  to  inflame  the  camphor  upon 
it.  Hence  may  readily  be  understood  the  effect  of  the  safety-lamp, 
which  is  a  kind  of  lantern  of  fine  wire-gauze,  within  which  a  candle 
or  wick,  fed  with  oil,  will  bum  in  security  amidst  an  atmosphere 
of  fire-damp ;  for  though  the  vapour  may  enter  and  become  inflamed 
within  the  lantern,  the  flame  cannot  pass  through  the  close  tissue 
(f(  the  wire-gauze  to  occasion  an  external  explosion. 

146.  Heat  is  not  only  communicated  from  one  body  to  another 
by  conduction,  or  by  means  of  circulating  currents,  but  it  is  also 
conveyed  to  considerable  distances,  throuj^h  any  elastic  fluid,  as 
air,  by  radiation.  This  mode  of  the  transmission  of  heat  resembles 
that  in  which  light  is  propagated ;  and,  as  lifffat  and  heat  are  fre- 

Snently  transmitted  together  by  radiation,  the  effects  of  radiant 
eat  were  generally  attributed  to  the  light  by  which  it  is  observed 
to  be  accompanied.  The  ancient  Greeks  and  Romans  were  ac- 
quainted with  some  of  the  extraordinary  effects  of  radiant  heat 
produced  by  burning-glasses ;  and  thus  ^^chimedes  is  said  to  have 
consumed  the  ships  of  the  Romans  by  such  instruments,  during 
the  siege  of  Syracuse ;  and  several  centuries  later  the  philosopher 
Proclus  in  the  same  manner  destroyed  the  fleet  of  Vitalianus, 
before  Constantinople. 

147.  Many  experiments  have  been  made  in  modern  times  on  the 
effect  of  the  transmission  of  radiant  heat  through  convex  lenses, 
and  of  its  reflection  from  concave  mirrors,  which  show  that  by 
these  means  its  power  may  be  vastly  augmented,  and  which  tend, 
upon  the  whole,  to  corroborate  the  statements  of  ancient  writers 
relative  to  the  action  of  burning-glasses. 

148.  The  following  results  are  said  to  have  been  obtained  from 
the  exposure  of  different  substances  to  the  rays  of  the  sun,  col- 

What  IB  the  true  nature  of  flame  f 

Hov  can  we  prove  that  flame  is  prevented  from  traversing^  wire-gauze 
by  the  cooling  of  the  burnine  gas  ? 

What  other  substanees  besides  permanent  inflammable  gases,  may  be 
kept  below  the  burning  point,  by  wire-gauze. 

Bxplain  the  difference  between  radiation  and  conduction. 

What  evidence  have  we  that  the  ancients  knew  the  effect  of  radiation  f 

What  remlti  have  been  obtained  by  modern  experiments  on  burning 
Icjiiet? 


lected  by  mesm  of  8  lens  two  feet  in  diameter,  with  a  foffA  & 
tance  of  three  ells,  in  experiments  made  at  Leipsio  in  1^1. 

149.  Pieces  of  lead  and  tin  were  instantly  melted ;  a  plats  of 
iron  was  soon  rendered  red  hot,  and  afterwards  fused ;  a  baml 
brick  was  oonyerted  into  yellow  glass;  and  amianthus,  one  of  ihs 
most  refractory  bodies,  was  in  a  short  time  reduced  to  Uie  state  cf 
black  grlass.*  Analogous  experimeiits  were  snbseqnoitly  pflv> 
formed  in  France,  with  a  more  powerful  lens,  constructed  by  oner 
of  M.  Trudaine  de  Montig^y ;  and  in  England,  with  Ftokfli's 
burning  lens,  which  was  presented  to  the  Bmperor  of  China,  n^eo 
Lord  Macartney  was  sent  on  an  embassy  to  the  court  of  PekhL 
'llus  last  instrument  was  a  double  o<mvez  lens,  three  feet  in  di- 
ameter, Aree  inches  thick  in  the  centre,  and  weighintff  213  powids. 
its  aperture,  when  set,  was  39^  inches ;  its  focal  wtanee  6  ftal 
Sinches :  but  the  focal  length  was  generallT  shortened  hy  a  smaller 
lens.  Hie  most  refractory  snbstanee  fused  was  a  cornelian,  whidb 
required  75  seconds  for  its  fhsion ;  a  chiystal  pebble  was  fused  b 
6  seconds;  and  a  piece  of  white  agate  in  30  secbnds.t 

l&O.  Important  experiments  haye  likewise  been  maae  with  con- 
eaye  mirrors  and  with  combinations  of  plane  mirrors,   which, 
though  relatirely  less  powerfvd  than  lenses,  may  inoreeoavBttiendv 
be  rendered  eflSoient  at  greater  ^Stances.    M.  Dufey  used  both 
parabolical  and  spherical  miixors  made  of  plaster  of  Paris,  gilt 
and  burnished ;  and  with  one  of  the  latter,  30  inches  in  diameter, 
he  set  fire  to  tinder  at  the  distance  of  50  feet.    The  Abh^  Nollei 
made  corresponding  experimente  witib  coneave  mirrors  constructed 
of  pasteboard,  coyeied  with  silver  or  eotd  leaf  and  bumished.i 
fiat  the  most  remarkable  experiments  of  this  nature  were  those  oi 
Buffon,  who  had  a  machine  composed  of  one  hundred  and  sixty- 
eight  small  plane  mirrors,  so  arranged  that  they  all  reflected  ra- 
diant, heat  to  the  same  focus.    By  means  of  this  combination  of 
reflecting  surfaces  he  was  able  to  set  wood  on  fire  at  the  distance 
of  309  feet,  to  melt  lead  at  100  feet,  and  silver  at  50  feet.$ 

151.  The  heat  of  the  sun  may  be  concentrated  by  means  of  a 
concave  mirror,  or  by  being  transmitted  through  a  convex  lens ; 
but  the  heat  of  burning  bodies  in  general,  thou^  readily  reflected 
by  a  concave  mirror  of  metal,  produces  little  or  do  eflfect  by  means 

Whftt  remarkable  effects  were  obtained  by  the  Leipsie  experimenten? 
What  refractory  materials  were  fused  by  Parker's  lens  ? 
What  kind  of  reflectors  were  used  by  lAifay  for  burning  mirrors .' 
What  apparatus  was  employed  by  Nollet  and  Buffon  for  the  same  par- 
pose  ? 

How  may  the  heat  of  the  sun  be  concentrated  ? 

How  is  common  culinary  heat  affected  by  transparent  solid  lenses? 

*  Sigaud  de  la  Fond  Blem.  de  Physique,  vol.  iv.  pp.  173, 173. 
t  Dr.  Young,  in  Leot.  on  Nat.  Philos.,  vol.  ii.  p.  407,  from  Cavallo. 
%  y.  Histoire  de  PAcademie  Roy.  des  Soicnoes,  An.  1796,  p.  165.  Nol- 
let Leoons  de  Physique,  t,  v.  p.  218. 
H  V.  Hist,  de  TAoademie  Kot.  des  Seien.,  An.  1747,  p.  83:  tnd  1748, 
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of  m  lens.  lo  a  ptpa  pnbtiihed  in  &e  Memoin  of  ibe  Academy 
rf  SuenoM  of  PmiiB,  b  16S3,  by  H.  Mniiotte,  he  Btatad  thai  radiant 
heat  fiom  a  oottunon  £ie,  conoetitrated  by  a  oones*e  minor,  ha* 
iti  vSact  deatTo;r*d  by  the  inteTpoeition  of  a  plate  of  glais ;  aod 
tke  Siradiah  pbilosopber,  Scheele,  fiom  namerooB  experiments, 
iM&md  Uiat  giBM  intercepte  entirely  tbe  radiant  heat  of  a  fire ; 
and  that  a  glass  mirror  i^ects  the  light,  butprerents  the  paaiago 
of  the  heat,  while  a  metallic  mirror  reflects  both  heat  and  light. 
It  has  bowBTBt  been  since  discoTered,  that  thou g'h  tbe  heatof  bflTD- 
ittfl  bodies  CMniqonly  exhibits  different  effect*,  in  passing  through 
rimaa,  fianthoM  which  are  perceived  in  tbe  paaaa^i^  solar  beat,i 
tiUij  nwy  pvoliablT  d^nd  an  the  &r  inferior  intensity  of  the  beat 
wndag  htm  eombiwtion  eompaied  with  that  of  the  snn.  For 
when  a  VC17  inlanse  aitifioial  heat  with  liiclit  u  prodneed,  as  that 
tt  chaicoal  ignited  by  n  voltaic  battery,  if  a  email  lens  be  placed 
betbre  die  bnlliant  atai  of  fire  thna  obtained,  and  ila  fbcoa  he  can 
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IfiS.  TbM  heat  radiates  fiom  bodies  in  ri^t  lines,  and  that  it 
maj  be  reflected  to  a  fooal  point  by  a  mirror,  like  light,  may  be  de- 
monstrated by  the  apparatot  represenied  above.  It  conei»ts  of 
two  concave  mirrors,  A  and  B,  of  planished  tin  or  plated  copper, 
aboot  one  foot  in  diameter,  and  placed  exactly  opposite  each  other, 
si  tba  distance  of  ^out  ten  feet  In  the  focus  of  one  mirror,  at  C, 
roust  be  placed  a  heated  boif,  aa  a  ball  of  iron;  and  in  the  focus 
of  tbe  oaiermirroi,  at  D,  a  differential  thermometer.  The  rays  of 
heat,  then,  impinging  on  the  mirror  A,  ere  reflected  through  the  air  to 
the  mitror  B,  wlMnce  they  coaverge  to  its  focus  at  D,  and-produce 
aa  effect  on  the  thermometer  proportioned  to  the  degree  of  heat 
of  tbe  iron  ball  or  other  heated  body. 

What  renll 


'e  been  obtained  ia  regard  (o  Ibia  nb- 

ijaeheele? 

What  i)  now  foand  to  be  the  ful  in  regard  lo  tbe  paiiage  of  Iha  heal, 
produced  hy  ^f—^—-'- —    -*- ^  -*-  --  ^ 


lul  renll  via  illeged  to 
bj  M.  MariottB  and  bj  8i 


rmbuiliDn,  through  gl*i 
WbateipUiiatioDialobegiienof  the  _ 
beat .'      DcKribe  the  ippantui  ulled  Pic 


X  of  (Erect  radiatianf 


helween  that  and  aoUc 
;  ippantui  called  PicUt'i  toigunOiDe  mimn. 
ir  ibat  flie  eSeet  on  tbe  tberommeter  it  not  Ilie  eoa- 


lii.  1%rttfak<gwtkii»lMo&«B<lytii>iw>Biili|iiiiiiMirf 
iIm  heat  llfioii^tibsabiMgrMcrnMMiVlio'^^^ 


ttMNigh  M  Bear  tiia  aa^gM^hmiwmh&kn^itmiLkhehmOfim 
AoialalLtffiBetad^it.    AAdif&aWllMaMrf«d««t«riiMftM 
of  diemnrarA,  towaids  ihe  thiffMBtniilw,  l>— gh  tfitti 
neuw  to  il,  tki  cflEset  will  be  giwdy  dimmlriiwC 

sahirttoted  l(ir  tile  hairiBd  bill,  Iks  •nM€ffM«itt''lvipni 
If  a  body  TieUiiiff  a  alfoiiMr  luatv  ta  b«aiBg  ifamaal^  «r  a  rai 
hot  ball  of  iioii,  ba  i^aood  is  tha  iboaa  aC  oaa  mim&h  waA  a  piaaa 
of  tokoirtiliorqa  m  that  of  tha  otfaar,Hiafhnrbiami>aibalaBlaiil/ 
iammoi}  aad  in  tiba  aaina  nanim  laanr  ba  aflbalaA  llMMeioviiioa 
of  lalminattntf  ailTar,  m  tha  dallamtkB  of  Mwnrtmr  fWiha 
ozhibitiaa  of  tha  latter  ai]MnBQMBfc  Hi^r  bo  iSkqilai  IqF  tv  H.  1^ 

nfftkniljr  oyipaiiii  to  aaok  otf 


ipy'a  tfnogaiiianl  of  the  muion, 

166.  Aa  aztfaosrdiaaiy  aad  auuiiaaiiat  pnolaaialieal 
non  whieh  nnnr  be. exhibited  by  aoeb  ■farmatia  ^  ^^ 
radiation  of  odd.  For  if  a  ball  of  ice  or  enow  be  aobatitHted  fu 
the  heated  iron  in  tha  focna  of  ike  mirror  A,  the  ttmsMaater  will 
show  a  lednctkNA  of  tempefatare*  It'  haa'beaD  l^ailto  inJoiced  by 
some,  that  odd  fa  a  pewmar  kind  of  aobtflaihiiti  aljwilile  of  befaif 
pnmagated  by  radiinon ;  but  tha  eflfoot  haa  tmm  Ikmm  geoanlly 
attnbnted  to  &a  abatraction  of  heat  fiom  thttihwrtKiafiii  by  tha 
frozen  masa  oppoaito  to  it. 

156.  Thoeaiodiea  which  reflect  heat  BMalpowarfnIly,  like  the 
polished  mirroVs  abore  described,  do  not  aooaire  heat  from  the 
rays  impinging  <a  their  aarfiMoa ;  ao  that  aim  a  mirror  might  be 
held  a  long  time  cmposite  to  a  fire  without  beeomiag  perceptibly 
warmer.  Snt  if  the  sarface  of  the  metal  be  maide  rooflh  by 
scratching  it  with  sand-paoer,  or  coTered  with  paste  ndxed  with 
chalk  or  lamp-black,  it  will  rapidly  abeoib  the  rays  of  heat,  instead 
of  reflectiag  tiiem.  Henoe  it  appears  that  the  eflllet  of  radiant 
heat  greatly  depends  on  the  state  of  the  snrfacea  of  bodiea. ' 

157.  *'  treslie  discovered,  by  experiments  made  in  1803,  that  the 
heat  emitted  by  radiation  was  affected  by  the  natore  of  the  sur- 
face exposed.  The  action  of  a  blackened  snrfrM^  of  tin  beins 
100,  that  of  a  steel  plate  was  15,  ci  clean  tin  19,  oi  tin  scraped 
bri^t  16,  when  scraped  with  the  edge  of  a  fine  file  in  one  direction 
36,  when  scraped  again  across  about  13,  a  surface  (^deui  lead  19, 
coTored  widi  a  grajr  crast  45,  a  thin  coat  of  isinglass  80,  reein  96, 
writingt-paper  ^,  ice  85.  Heat  as  well  as  li^t  is  so  projected 
from  a  sur&ce,  as  to  be  equally  d^ise  in  all  directions,  conse- 

Wh«t  eawB  of  ikieipieiit  eombottion  maj  be  prodoeed  bj  refleeted  beat .' 

How  is  the  apparent  radiation  of  cold  exhibited  ?  and  how  explained  ? 

What  relation  appears  to  aobaist  between  the  refecting  and  the  abtorb- 
iDS  power  of  bodies  ? 

'   What  it  the  elfoot  of  roaghening  or  ooloariBg*  the  inrfiMe  of  a  reflee- 
tor? 

What  diwovei7  did  Leslie  make  in  regard  to  tfie  nuUatiiig  power  of 
dilFereat  snrfaoet  ? 


qoently  from  eaeh  point,  in  a  cinantity  which  is  as  the  sino  of  the 
angle  of  incflination.  The  n^ation  is  not  affected  by  the  quality 
of  the  sae  liii  eontaet  with  the  snrfaee,  but  it  is  not  tiansmitted  by 
water."* 

198*  Aft  pelMieA  melalft  abtorb  heat  rery  slowly,  so  heat  is 
baft  aiewly  en^tled  from  the  snrlacee  of  soeh  metals;  and  thus 
b<Hliiu[  water  would  continne  at  a  hiffh  temperature  much  longer 
in  a  sUTer  tea-pot  thu  In  one  of  blaoE  earthenware ;  so  that  ves- 
sels  of  polished  molal  are  best  adapted  for  preparing  tea  or  other 
^esMilwi  IttiBrions. 

159.  Substances  of  a  Kffht  and  yery  brilliant  eoloor  reflect  heat 
readily,  but  da  aot  abseib  H ;  wliile  blaek  or  very  dark  coloured 
bodies  absoib  the  heal  that  frdls  on  them,  reflecting  little  or  none 
of  it.  K  pieoes  cf  white  cloth  and  other  pieces  of  black  cloth 
be  laid,  in  similar  circumstances,  on  the  sarnce  of  snow,  it  would 
soon  become  melted  beneath  the  black  cloth,  b«t  remain  perfectly 
solid  under  the  white.  In  some  of  the  mountainous  parts  of  Eu- 
rope, thfe  fltfmers  an  aoeastomed  to  spread  black  earth  or  soot 
over  tiie  snow,  in  the  spring,  to  hasten  its  dissolution,  and  enable 
them  to  aaAclpatB  the  pefira  of  tillage. 

IflD*  il  magr  he  generally  assumed  that  all  bodies  of  unequal 
temperature  tend  to  become  of  equal  temperature ;  if  in  contact, 
by  conduction ;  if  at  sensible  distances,  by  radiation  of  the  excess 
of  heat;  and  in  die  latter  case  whether  the  radiation  reach  the 
cooler  body  directly,  or  by  an  interrening  reflection.f 

What  elatt  of  rarfaeet  emit  or  radiate  beat  most  readily  ? 

What  infloenee  Yum  c^vur  on  the  absorbing  and  refleeting  powers  of 
bodies  remeetirely  ? 

What  advantage  is  taken  in  Europe  of  Franklin's  discovery  respecting 
the  melting  of  snow  beneath  black  surfaces  ? 

In  what  two  modes  do  all  bodies  of  unequal  temperatures  tend  to  an 
equality  in  this  req^yect  ? 

*  Dr.  Toang*s  Lectures  on  Natural  Philosophy,  vol.  ii.  p.  407. 

t  See  Report  on  the  present  State  of  our  Knowledge  of  the  Science 
of  Radiant  Heat,  presented  to  tlie  British  Association,  by  Professor  Pow- 
ell, in  ISaS. 
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Works  of  rrftrmtt  on  Me  tuj^ed  of  PyronomUs, 

The  following,  among  other  works  on  the  science  of  heat»  may 
be  consulted  in  furdier  prosecuting  the  study  of  this  department. 

Thompson's  Treatise  on  Heat  and  Electncity. 

Librarjr  of  Useful  Knowledge,  treatise  on  Heat. 
««  («  ««  <«        on  the  Constmetion  of 

Thermometers  and  P3rrometers.    Two  numbers. 

Webster's  edition  of  Brando's  Manual.    Boston. 

Turner's  Chemistry,  by  Dr.  Bache.    Phila.  edition. 

lire's  Dictionary  of  Chemistry.    Article  Calorie^ 

Leslie  on  Heat  and  Moisture. 

Crawford  on  Animal  Heat. 

Dalton's  New  Sjrstem  of  Chemical  Philosophy. 

Leslie's  Experimental  Inquiry  into  the  Nature  of  Heal. 

Walker  on  Cold. 

Many  articles  in  Silliman's  Journal,  tiie  Journal  of  tlie  Franklin 
Institute,  Annales  de  Chimie,  and  other  contemporary  periodicals. 


OPTICS- 

1.  Amoho  1Ii6  Mud  souroefl  of  out  knowledge  of  the  works  of 
(■tore  18  the  fteiu^  or  sense  of  sight  or  tision,  to  which  we  owe 
he  perception  of  lif/bt  and  eolours,  and  the  means  of  judging 
tOBC^nuBg  tiiie  forms  and  appearances  of  the  nnmerons  bMlies 
found  VLB*  The  hl^lj  cnrions,  interesting,  and  important  phe- 
Kimena  wiihwhi6h  We  thus  become  acquainted  constitute  the 
lahjeots  of  th*  sdenco  of  Optics,  *  or  the  theory  of  light  and  vision. 

3.^  TMe  depfltttmelit  6#  natural  philosophy  may  be  considered  as 
bmishing  topics  for  tntestiffaiion  under  different  points  of  view : 
i*  As  relating  to  tke  genend  properties  of  Heht,  and  its  effect  on 
ibe  omn  of  ¥181011$  6.  With  reference  to  £e  reflection  of  li^t 
rom  tSe  snrfteM  of  bodies;  3,  With  reference  to  the  refraction 
if  light,  or  the  alteration  it  undergoes  in  passing  through  transpar 
«nt  Dodies ;  4.  As  regards  the  phenomena  of  colours ;  5.  As  re* 
(pacts  certidn  nodifUs&ons  of  reflected  and  refracted  light,  which 
tKve  been  chahusteriaed  as  resulting  jQrom  the  polarization  of  li^ht. 

9*  Among  the  multitudes  of  Indies  which  we  can  perceiye, 
RBOne  ore  TMU>le  by  their  own  Hght,  and  tiiese  are  styled  luminous 
lodiev;  while  others  have  no  such  illuminating  property,  and  can 
le  seed  only  by  means  of  tiie  light  afforded  by  the  former.  Lu- 
■iwnis  homes  oonsist  ai  those  wMch  are  original  and  permanent 
Krarees  of  light,  as  the  sun,  fixed  stars,  uid  probably  comets ;  and 
fiiose  which  exhibit  light  only  under  certain  circumstances,  es« 
pecially  while  mdergoing  eombustion,  as  in  the  cfase  uf  minute 
fragments  of  steel  strack  off  by  the  ec^llsion  of  flint  with  steel,  or 
in  the  common  process  of  baming  a  candle,  oil  in  a  lamp,  or  coal* 
gas. 

4.  Any  bodies  whidi  do  not  intemtpt  the  passage  of  light,  or 
which  admit  of  other  bodies  being  seen  tiirough  them,  are  called 
transparent  bodies  ;f  those  which  preyent  entiiely  the  passege  of 
light  are  termed  opaque  bodies ;  ana  those  which  allow  other  bodies 
to  be  seen  through  them  obscurely  and  Imperfeotiy  are  named  semi- 
transparent  substances.  Transparency  and  opacity,  howeyer,  de- 
pend much  on  the  relatiye  thickness  or  thinness  of  substances ;  fbr 
eren  air,  which  affords  less  interruption  to  tiie  passage  of  light 

What  daaaeB  of  phenomena  are  embraced  in  the  acienee  of  optics  ? 

Under  how  many  and  what  different  tIoi^b  ma j  tibia  tcience  be  regarded? 

On  what  is  the  distinction  of  htndnoiu  and  notp-hmdnoua  bodies  founded  } 

How  are  the  terms  trmufittrtni,  umi  Hmttpannt,  and  opaque  respec- 
JTcly  applied  ? 

Are  transparency  and  opacity  to  be  regarded  as  absohite  or  tehitim 
kroperties  of  matter  f 

•  From  tbe  Greek  Osrro/wtii,  to  see^ 

f  The  wtf rds  Hmfiarent  and  diaphanwi  are  monymous )  the  former 
reing  detiv^d  froiii  (fie  Latin,  traru,  thfooglk  or  bi^ond,  and  partna,  ap- 
larent ;  and  the  latter  (rom  the  Oreeh,  Atufrnms*  ihining  through,  or 
ranslapent. 
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than  ftny  other  kind  of  matter,  is  not  ^erfectlj  diafdniioiit;  nor 
will  the  densest  metal  completely  nntent  die  inflnenoe  of  lig^ 

5.  It  has  been  calculated  that  the  atmosphere,  when  the  iifi 
of  ^e  son  pass  perpendicolarly  tiuron^  it,  intermpts  fir om  otte  14 
to  i  of  their  light;  bat  when  the  sanis  near  the  horison,  and  tht 
mass  of  air  throui^  which  the  solar  rays  pass  is  conseqnMtly 
vastly  increased  m  thickness,  onlr  1-31S  ]wrt  of  their  UgM  tm 
reach  the  surfiice  of  the  earth.  *'fiy  apeooliar  wpplieatioo  of  ny 
photometer,*'  says  Sir  John  Leslie,  **I  JMave  foniia  that  half  of  tks 
incident  lij^fat,  which  mi^t  pass  through  afield  of  air  of  tfM  oidi- 
nary  density,  and  15i  miles  extent,  would  penetrate  only  to  As 
depth  of  15  feet  in  die  clearest  sespwatar,  which  is  tfaerefon  about 
5400  times  less  diaphanous  than  the  ofdinaiy  atmoqpheiic  mediwiu 
But  water  of  shallow  lakes,  although  not  appannilly  toibid,  b^ 
trays  a  greater  opacity,  insomueh  that  the  perpeodienlar  li^  is 
reduced  one-half  in  i&soending  only  through  the  space  of  aiZt  «r 
eren  two  feet. 

6.  The  same  measure  of  absorption  would  take  plaee  in  te 
passage  of  light  through  the  thickness  of  two  ^  three  inohes  «f 
the  finest  glass,  which  is  conseouently  500,000  times  moce  ogmfm 
than  an  equal  bulk  of  air,  or  tnree  hundred  times  more  opogw 
than  an  equal  wdghi  or  smms  of  this  fluid.  But  eren  gold  is  oa- 
phanous.  If  a  leaf  of  that  metal,  either  pure  or  with  only  1-80 
part  of  alloy,  and  therefore  oi  a  fine  yellow  lustre,  but  searerfy 
exceeding  1-300,000  of  an  inch  in  thiolmess,  and  indosed  betwess 
two  thin  plates  of  mica,  be  held  immediately  before  the  eye,  aai 
opposite  to  a  window,  h  will  transmit  a  soft  green  light,  uke  the 
colour  of  the  water  of  the  sea,  or  (^  a  clear  lake  of  modenta 
depth.  This  glaucous  tint  is  easily  distinguished  firom  the  meie 
white  light  which  passes  through  any  visible  holes  or  torn  parts 
of  the  leaf.  It  is  indeed  the  very  colour  whidi  gold  itself  assnmwi, 
when  poured  liquid  from  the  meltin&r-pot. 

7.  A  leaf  of  pale  gold,  or  gold  aUoyed  with  about  1-80  pait  of 
silver,  transmits  an  azure  colour ;  firom  which  we  may,  with  great 
probability  infer,  that  if  silver  could  be  reduced  to  a  efficient  de- 
gree of  thinness,  it  would  discharge  a  purple  light.  These  noble 
metals,  therefore,  act  upon  white  light  exactly  like  air  or  water, 
absorbing  the  red  and  orange  rays  which  enter  into  its  compositioB, 
but  suffering  the  conjoined  green  and  blue  rays  to  effect  their  pas- 

What  portion  of  the  son's  light,  when  rertieal,  is  iiippoted  to  rcsdi  the 
earth? 

How  great  a  portion  is  inierrupted  when  tfie  son  is  near  the  horison } 

What  calculation  has  Leslie  institnted  between  the  tranmunencj  of  air 
and  that  of  water  ? 

What  18  found  to  be  the  degree  of  opacity  in  shallow  Ukes  eomparcd 
with  sea- water  ? 

How  much  does  the  opacity  of  the  best  glass,  weight  for  weight,  exceed 
that  of  common  air  ?    What  examples  of  transparency  are  found  in  bodies 
commonly  reckoned  opaque  f 
^  How  is  the  colonr  of  light  foand  to  vary  when  tnumnitted  throogb  bo- 
dhs  which  are  imperfectly  traiis^arent  f 
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sage.  If  the  yellow  leaf'were  to  transmit  only  1-10  part  of  the 
whole  incident  light,  we  should  only  conclude,  that  pure  gold  is 
250,000  times  less  diaphanous  than  pellucid  glass. 

8.  The  inferior  ductility  of  the  other  metals  will  not  allow  that 
extreme  lamination,  which  would  he  requisite,  in  ordinary  cases, 
to  show  the  transmission  of  light.  But  their  diaphanous  quality 
may  be  inferred,  from  the  peculiar  tints  with  which  Ihey  affect  the 
transmitted  rays  when  they  form  the  alloy  of  gold.  Other  sub 
stances  which  are  commonly  reckoned  opaque,  ^et  permit  in  yari 
ons  proportions  the  passage  of  light.  The  wmdow  of  a  small 
apartment  being  closed  by  a  deal  board,  if  a  person  within  shut 
his  eyes  for  a  few  minutes,  to  render  them  more  sensible,  he  will, 
on  opening  them  again,  easily  discern  a  feint  glimmer  through  the 
winaow.  K  tiiis  board  be  planed  thinner,  more  light  will  succes- 
sirely  penetrate,  till  the  furniture  of  the  room  becomes  visible, 
and  perhaps  a  large  print  may  be  distinctly  read. 

9.  Writing-paper  transmits  about  the  third  part  of  the  whole  in- 
cident light,  and  when  oiled  it  often  supplies  the  place  of  glass  in 
the  conmion  work-shops.  The  addition  of  oil  does  not,  however, 
materially  augment  the  diaphanous  auality  of  the  paper,  but  ren- 
ders its  internal  structure  more  regular,  and  more  assimilated  to 
that  of  a  liquid.  The  rays  of  light  travel  without  much  obstruction 
across  several  folds  of  paper,  and  even  escape  copiously  through 
paste-board."* 

10.  The  chief  sources  of  lisht,  as  already  observed,  are  perma- 
nently luminous  bodies,  or  celestial  fire,  especially  the  sun ;  and 
terrestrial  fire,  or  that  given  out  during  combustion,  or  incandes- 
cence. There  are,  however,  some  cases  in  which  light  is  exhibited 
under  circumstances  apparently  unconnected  with  Sie  influence  of 
the  solar  rays,  or  of  terrestrial  fire.  The  exhibition  of  light  ac- 
companies many  electricnd  phenomena ;  as  lightning,  the  luminous 
traits  produced  by  brushing  with  the  hand  a  cat's  back  in  the  dark, 
and  many  others  which  will  be  more  particularly  noticed  in  the 
Subsequent  part  of  this  volume. 

11.  Phosphorescence  is  another  kind  of  luminous  exhibition. 
Where  light  is  emitted  without  sensible  heat,  and  the  effect  seems 
to  be  but  remotely,  if  at  all,  dependent  on  either  of  the  grand 
sources  oi  luminosity  which  have  been  pointed  out.     Common 

What  relstion  may  be  computed  to  subsist  between  the  trarispareoey 
of  gold  and  that  of  glass  ? 

What  would  be  the  comparative  transparency  of  gold  and  common  air  ? 

How  may  the  partial  transparency  of  wood  be  demonstrated  ? 

What  is  the  effect  of  oiling  paper  on  its  power  of  transmitting  light? 

What  are  tlie  chief  sources  of  light? 

From  what  sources,  independent  oi  these,  are  the  phenomena  of  light 
oeeasiofially  produced  ? 

What  ii  (he  distinction  between  phosphorescence  and  the  luminous- 
neaa  of  bmoiing  bodies  ? 

•  L«tlie'B  Elements  of  Natural  Philosophy,  vol.  i.  pp.  90--22! 


pfaotptioraB*  is  a  higyy  eoabnstiUe  fiodhf,  bomhig  ftonely  i^t 
certain  tamperatare,  with  iatenae  lioliit  and  haat:  it  alao  gM  iia 
light  ata  rerj  low  teniMiatare,  wimout  appawnt  haat,  boI  tfdiii 
the  eflfect  of  alow  eombastioii:  it  waa,  howarerv  aarwrfiaeJ  br 
Dr.  Van  Mamm,  a  Datch  philoaophoE,  that  phoa^uraa  cwmnt 
with  dry  looae  cotton,  or  apiinklcd  with  mIb,  woold  aUaa  wdm 
the  eghaneted  raeeiyer  of  an  aif-pammf  a  aitoation  in  wUflh  ^ 
aeemt  impoiMible  that  any  ooaAboalion  aaa  ttke  phjM,  cm  aeeoHl 
of  the  dencieacy  of  atmoapherio  ait.  But  than  an  plwaphi— 
cent  bodiee  whieh  yiM  lieht  under  mwamiitaneaB  whldi  ban  at 
eonneadon  whaterer  with  Sie  proeeaa  of  conabnadon. 

IS.  Decayed  wood,  and  aooietimea  peat  or  torfii  hav*  beeo  ob* 
■enred  to  ehine  in  the  dark ;  and  eeme  kinda  of  ftriiy  aa  ■olfs, 
whitin|r,  teoch,  and  carp  become  hnmnona  when  taintedt  bat 
before  they  g^w  pntrid ;  lobeten  and  ciaba  ofttn  dlapfai^phoqihi^ 
rescence  in  similar  mrenmatancea;  and  alao  bntdiMta*  mwt,  oaea' 
aionaUy. 

13.  Then  an  many  animala  of  Um  lower  oiden  that  eodt  liA 
in  greater  or  Icaa  abundance  while  IiTia|f.  Amcag  laaoBta,  mt 
|[low-wonn  {Lampynu  Sj^ftemdiduim)  ia  the  moatfenenUy  noted  Ibi 
Its  illmninatiiigr  powers,  in  Eurqpeancoantriaay  aM  thecoaamoo  i» 
fly  of  the  United  States;  then  an, however, other  inaecta in aoaat 
degree  poaaeaaing  similar  piopertiea,  aa  the  common  eentipele, 
found  under  tiles  or  flowerpots  in  gardens,  which  when  imtafted 
ftww  out  bright  flashes  of  lipht.  Bat  the  moat  nmaricable  ahinhifl 
insects  are  natives  of  die  West  Indies  and  South  America ;  and  m 
these  the  Elaier  NoeHlueu$,  a  coleopteroos:t  insect,  affovda  a  splen- 
did specimen.  *'  It  is  an  inch  louff,  and  about  one-third  of  an  inch 
broad,  gives  out  its  principal  light  from  two  eye-like  tubeides 
placed  upon  the  thorax ;  and  the  light  emitted  from  them  is  so 
considerable  that  the  smallest  print  may  be  read  by  moving  one 
of  these  insects  alone  the  lines.''$ 

14.  The  surface  of  the  sea  is  observed  by  the  mariners  to  be 
occasionally  illuminated ;  and  the  light  generally,  if  not  always, 
is  produced  by  certain  marine  phosphorescent  aninmls.  There  are 
some  peculiarities  in  these  luminous  appearances,  which  have  beeo 
described  as  exhibidng  five  variedes ;  *^  the  first  ahowa  itself  in 

Hew  did  Van  Marum  exhibit  the  pheaomena  of  pho8i»horeeeenee  ? 
What  examples  of  a  purely  phospboreseent  appearsnoe  ean  bo  men- 
tioned ? 

How  docs  it  appear  that  neither  eombnsdon  nor  patreaeenee  is  neeei- 
sarv  to  the  production  of  phosphoreseenee  in  animal  sobstanoes  ? 

Among  what  tribes  of  animals  are  the  phosphorescent  classes  ehieflr 
found? 

•  From  ^«5,  light,  and  ^o^i.,  to  bear. 

t  See  Arcana  of  Science,  for  1839;  p.  130  {  and  Brewster^  Edinburgh 
Journal  of  Science,  N.  S. 
t  So  called  from  the  character  of  the  wiogi. 

4  Intoxiduction  to  Entomologr.    By  Bcv.  W.  KIrby  and  W.  Spcnce. 
firo.  voi.ii.  p.4i3.  »         /  J  IT- 
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■cattated  sparkles  in  the  Ipray  of  the  sea,  and  in  the  foam  created 
by  the  way  of  the  ship,  when  the  water  is  slightly  antated  by 
the  winds  or  currents;  the  second  is  a  flash  of  pale  lig^t,  of  mo- 
mentaiy  duration,  but  often  intense  enough  to  illuminate  the  water 
to  an  eixtent  of  several  feet ;  the  third,  of  rare  occurrence,  and 
peculiar  to  gul£»,  bays,  and  shallows,  in  warm  climates,  is  a  dif- 
fnsed  pale  phosphorescence,  resembling  sometimes  a  sea  of  milk, 
or  of  8(Miie  metal  in  a  state  of  igneous  liquefaction ;  the  fourth 
presents  itself  to  the  astonished  voyager  under  the  appearance  of 
thick  bars  of  metal  of  about  half  afoot  in  length,  ignited  to  white- 
ness, scattered  over  the  surface  of  the  ocean,  some  rising  up  and 
continuing  luminous  as  long  as  they  remain  in  view,  while  others 
decline  and  disappear;  and  the  fifth  variety  is  in  distinct  spots  on 
the  surfoce,  of  great  beauty  and  brilliancy.  The  light  of  the  first 
variety  is  more  brilliant  and  condensed  than  that  of  any  of  the 
others,  and  very  much  resembles  every  way  the  red  gold  and  silver 
rain  of  the  pyrotechnist. .  This  together  vrith  the  third  kind  are 
produced  by  myriads  of  various  minute  crustaceous  animals,  the 
smaller  Meduam  and  MoUusca^  and  perhaps  some  JinneUdes  /  the 
second  appears  to  proceed  from  the  gelatinous  Medusa,  of  a  larger 
size ;  the  pjnrosome  are  the  cause  of  the  fourth  kind,  which  may 
be  often  witnessed  by  vessels  bound  to  India,  or  the  eastward  of 
the  Cs^  of  Good  Hope,  occurring  in  the  csdm  latitudes  near 
the  line. 

15.  ''The  Sapphirina  iml£ea<or, an  insect  somewhat  resembling 
in  appearance  the  woodlouse  (OnMctM),  and  about  one-third  of  an 
inch  m  lenffth,  emits  the  last  variety  enumerated,  which  appears 
to  be  limited  to  the  seas  situated  to  the  north  and  west  of  a  line 
drawn  from  the  Cape  of  Good  Hope  to  the  southern  extremity  of 
the  Island  of  Ceylon."* 

16.  Some  flowers  have  been  remarked  to  emit  flashes  of  li^ht 
while  growing  on  the  planto  to  which  they  belong.  These  minia- 
ture lightnings  sometimes  are  perceived  of  a  summer  evening,  in 
virarm  ^ose  weather,  issuing  from  the  petals  of  the  African  and 
the  common  marygold,  the  nasturtium,  and  the  tuberose. 

17.  Many  mineral  bodies  give  out  light  under  particular  circum- 
stances. This  is  the  case  with  some  diamonds,  and  varieties  of 
rock  crystal,  which  become  luminous  on  being  removed  into  a 
dark  room  after  exposure  to  the  rays  of  the  sun.  What  is  called 
the  Bolognian  phosphorus,  is  artificially  prepared  by  mixing  into 
a  paste,  with  gum  tragacanth,  powdered  sulphate  of  barytes,  or 

How  many  and  vrhaX  Tmrieties  of  laminouanett  are  exhibited  at  sea  ? 

What  cauaea  the  first  variety  ? 

How  is  the  fourth  kind  to  be  explained  ? 

In  what  part  of  the  oeeao  is  the  pyrosoma  found  ? 

Where  the  sapphirina  indicator  r 

What  plants  are  known  to  emit  luminous  flashes  ? 

Under  what  eircumstances  may  certain  minerals  appear  to  emit  lig^t } 

What  artificial  imitationa  of  Uiese  substances  have  neen  prepared? 

*  Thompson's  Zoological  Researches  and  IllustratioQS.  1(82.  ^^i^. 
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ponderoas  dpar,  and  dividing  the  mass  into  thin  cakefi,  \thleh  ire 
to  be  carefully  calcined  in  an  open  fire  and  suffered  to  cool  slotvly : 
they  then  shine  in  the  dark  afWr  being  exposed  to  the  8tin< 

18.  Canton's  phosphorus,  i^vhich  consists  of  salphuret  of  lime; 
and  Baldwin's  pnospnoruS)  which  is  nitrate  of  lime,  have  analo- 
gous properties ;  and  oyster*shells,  calcined  by  putting  them  into 
a  coal  or  charcoal  fire,  for  about  an  hour,  and  when  cold  taKing  off 
a  thin  scale  from  the  inside,  will  be  found  to  be  become  phospho- 
rescent. There  are  minerals  which  are  rendered  luminous  in  the 
dark  by  exposure  to  a  temperature  of  red  heat,  as  phosphate  of 
lime,  from  Estramadure,  and  some  kinds  of  flour  or  Derbyshire 
spar,  fetid  carbonate  of  lime  or  swinestone,  quartx,  and  ponderous 
spar.  y. 

19.  Light  may  be  elicited  from  violent  friction  or  collision  of 
incombustible  bodies,  just  as  fire  is  from  flint  and  steel.  Thus 
bright  sparks  may  be  produced  by  strikinjr  one  piece  of  common 
flint  or  rock  crysUd  against  another ;  rubbingr  together  two  pieces 
of  bonnetpcane  will  cause  the  'emission  of  lieht,  in  consequence 
of  the  epidermis  or  scaly  coating  of  the  cane  oeing  composed  of 
siliceous  earth ;  and  loaf  sugar  yields  a  pale  light,  from  the  col- 
lision of  two  lumps  in  the  dark,  the  effect  being  merely  the  exhi- 
bition of  phosphorescence,  for  though  sugar  is  an  inflammable  sub- 
stance, the  luminous  appearance  is  unaccompanied  by  combustion. 

20.  Light,  considered  as  the  cause  of  vision,  or  the  medium  by 
which  objects  become  perceptible  to  sight,  exhibiting  a  variety 
of  tints  to  the  eye,  has  generally,  since  the  publication  of  Sir 
Isaac  Newton's  theory  of  light  and  colours,  been  ascribed  to  the 
emission  of  a  peculiar  ethereal  fluid  from  the  sun  and  all  other 
luminous  bodies.  This  subtile  fluid  or  ether  was  supposed  to  be 
perpetually  streaming  in  all  directions  from  the  sun  and  fixed  stars, 
travelling  with  a  velocity  900,000  times  that  of  sound  through 
the  air,  and  yet  consisting  of  particles  so  extremely  minute  as  to 
pass  through  the  densest  substances  without  at  all  altering  their 
structure,  or  interfering  during  their  progress  in  the  slightest  de- 
gree with  each  other.  Descartes,  who  died  in  1650,  had  advanced 
a  different  hypothesis  to  account  for  the  action  of  light,  founded 
on  the  admission  of  the  existence  of  an  ethereal  fluid,  not  subject  to 
a  motion  of  translation,  or  passage  from  one  part  of  space  to  another, 
but  capable  of  being  thrown  into  the  state  of  undulation  by  the 
impulse  of  luminous  bodies,  and  the  undulating  motion  being  in- 
definitely extended,  would  obviously  propagate  the  influence  of 
light  through  any  given  space. 

21.  The  theory  of  undulation,  as  it  is  termed,  was  adopted  and 
improved  by  Huygens,  the  contemporary  of  Newton,  whose  sys- 

By  what  mechanical  means  mar  combustible  bodies  be  made  to  emit 
light? 

Is  any  real  combustion  pt*oduced  in  these  eases  ? 

What  theories  did  Newton  advance  to  account  for  the  pheaomena  of 
light  Mnd  virion  ? 
At  what  rate  did  he  ilnd  it  neceuavj  Vo  iui\).yo«&  U^C  \a  travel  t 
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tern  of  emanation  or  emission  of  li^ht,  proposed  by  the  latter,  prin- 
cipally throuffh  the  authority  of  his  great  name,  prevailed  aJmost 
nniYersally  tul  about  the  middle  of  ue  last  century,  when  it  was 
attacked  by  Leonard  Euler,  who,  in  his  '*  Letters  on  different  sub- 
jects of  Natural  Philosophy,  addressed  to  a  German  Princess," 
has  pointed  out  the  difficulties  which  occur  in  attempting  to  ex- 
plain the  phenomena  of  light  according  to  Newton's  doctrine  or 
theory  of  emanation,  and  has  adranced  manj  striking  arguments 
in  £aiYoar  of  the  theory  of  undulation,  showing  the  analogies  be- 
tween the  modes  of  propagation  of  li^t  and  sound,  and  demon- 
strating Uie  ^neral  agreement  of  the  hypothesis  with  those  facts 
which  conatitute  the  basis  of  optical  science.  Euler,  however, 
gained  but  few  converts  among  nis  scientific  contemporaries,  and 
the  opposite  iheonr  was  generally  admitted  as  correct  till  about 
the  beginning  of  ue  present  century,  when  Dr.  Thomas  Young, 
in  the  Sakerian  Lecture,  read  before  the  Royal  Society,  in  1801, 
entered  into  an  elaborate  disquisition  concerning  the  theory  of  light 
and  colours ;  and  deduced  from  the  principles  laid  down  by  New- 
ton himself,  the  three  following  hypotheses : 

22.  1.  That  a  luminiferous  ether,  rare  and  elastic  in  a  high  de- 
gree, perrades  the  whole  universe.  2.  That  undulations  are  ex- 
cited in  this  ether  whenever  a  body  becomes  luminous.  3.  That 
the  sensation  of  different  colours  depends  on  the  frequency  of 
vibrations  excited  by  li^ht  in  the  retina.  To  these  he  added  a 
fourth  hypothesis,  assuming  that  all  material  bodies  have  an  at- 
traction for  the  ethereal  medium,  by  means  of  which  it  is  accumu- 
lated within  their  substance,  and  for  a  small  distance  around  them, 
in  a  state  of  greater  density  but  not  of  greater  elasticity.* 

33.  Subsequent  discoveries  have  tended  to  confirm  the  theory 
of  undulation,  which  affords  a  more  unobjectionable  mode  of  ex- 
plaining the  phenomena  of  polarized  light,  and  other  appearances, 
than  is  furnished  by  the  theory  of  emanation ;  and  the  former  has 
been  embraced  by  ihe  most  dbtinguished  philosophers  now  living 
or  recently  deceased ;  as  Fresnel,  Arago,  Sir  John  Herschel,  Sir 
D.  Brewster,  and  others,  who  by  their  own  discoveries  have  con- 
tributed to  extend  the  boundaries  of  science. 

24.  "Hie  propagation  of  light  always  takes  place  in  right  lines, 

{>rojecting  on  every  side  from  luminous  bodies.    Such  radiating 
ines  or  rays,  diverge  from  each  other  in  their  passage,  forming 
what  is  called  a  pencil  of  light,  as  exhibited  in  the  marginal  figure. 

What  substitote  for  the  theory  of  emission  was  adopted  by  Descartes, 
Haygens,  and  Euler  ? 

What  three  positions  were  established  by  Dr.  Young  on  this  subject  ? 

What  relation  did  he  assume  to  subsist  between  the  luminiferous  etlier 
and  common  matter  ? 

Which  of  the  two  theories  appears  at  present  to  possess  the  greater 
number  of  advocates  among  the  cultivators  of  this  science  ? 

Ill  what  lines  does  the  propagatiou  of  light  take  place  ? 

•  See  Philos.  Transact  for  1302 ;  and  Abstract  of  Papers  in  the  Phil. 
Trana.|  vol.  i.  pp.  04,  OIF. 
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A  similar  eflfect  may  be  produced  by  admitting  into  a  darkened 

room,  through  a  minute  aperture  in  a  win* 
^^^-  dow-shutter,  the  light  of  the  sun  which  would 
^**^^=^"  be  perceiyed  proc^ing  in  a  dirergin^  bun- 
dle or  pencil  of  Ta3ra ;  and  on  presentinff  to 
it  a  flat  board,  a  luminous  image  would  be 
formed,  increasing  in  diameter  with  the  in- 
crease of  distance  from  the  aperture  at  which 
the  plane  was  held,  and  which,  by  variously 
inclining  the  plane,  might  be  made  to  assume  elliptical  or  other 
curved  figures. 

35.  Images  of  variously-shaped  bodies  seen  by  light  thus  ad- 
mitted through  a  smsdl  opening  are  always  in  a  revereed  position, 
in  consequence  of  the  obliquity  or  diTergenoe  of  the  rays  of  light. 


That  this  effect  must  take  place  will  be  readily  perceived  from 
the  preceding  figure,  which  shows  that  the  rays  in  passing  through 
the  opening  must  cross  each  other,  and  thus  rays  coming  from  the 
superior  parts  of  objects,  impinge  on  the  relatively  infenor  portion 
of  the  plane,  and  those  from  the  higher  parts  strike  on  that  portion 
of  the  plane  below  the  other  rays :  the  spectra  or  images  produced 
must  consequently  be  inverte^l. 

26.  It  is  stated  above  that  the  dimensions  of  the  images  thus 
formed  decrease  in  proportion  to  the  distance  from  the  opening  at 
which  they  are  situated.  Thus  if  the  plane  on  which  tne  image 
of  an  object  is  received,  be  placed  at  exactly  the  same  distance 
before  the  aperture,  as  the  object  stands  behind  it,  the  size  of  the 
ima^e  will  coincide  with  that  of  the  object,  for  the  pencils  of  rays 
on  either  side  would  be  alike.  If,  however,  the  plane  be  removed 
nearer  the  aperture  than  before  by  one-half,  the  miage  will  be  but 
one-fourth  of  the  size  of  the  former ;  at  one-third  the  distance,  its 
size  would  be  one-ninth ;  at  one-fourth  the  distance,  one-sixteenth ; 
the  diminution  taking  place  in  the  ratio  of  the  squares  of  the  dis- 
tances of  the  plane  uom  the  aperture.  The  intensity  of  lig^t  di- 
minishes in  the  same  proportion:  thus  suppose  a  candle  to  be 

B^  what  experiments  can  this  be  proved  ? 

How  is  the  rectilinear  coarse  of  rays  proved  bj  the  images  formed  ia 
a  dark  room  by  light  admitted  throc^  a  simple  apertare  ? 

What  ratio  will  the  size  of  such  an  image  have  to  the  distance  of  die 
aereea  from  the  apertare  ? 

How  doen  the  intensity  of  Vi^^t  vary  V\\\i  iSki«  ^vteoMA  ^  "Qba  ToduMNl 
ocMOureeofli^if 
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pfaced  at  the  distance  of  one  yard  from  the  face  of  a  dial  or  time- 
piece, the  light  thrown  on  it  may  be  represented  by  the  number 
1 ;  if  then  it  t>e  remored  back  to  two  yards,  the  light  will  be  but 
i  as  much  as  before;  at  3  yards  1*9,  at  4  yards  1-16,  at  5  yards 
1-35,  at  35  yards  1-635. 

37.  This  redoction  of  light,  in  proportion  to  the  distance  of  the 
luminous  body,  is  the  necessary  effect  of  the  divergrence  and  con- 
sequent dispersion  of  the  radiant  pencil ;  and  hence  it  ma^  readily 
be  conceived,  that  an  inconsiderable  light  can  only  be  visible  at  a 
comparatively  trifling  distance,  and  that  its  influence  in  rendering 
non-lnminous  objects  visible,  must  be  limited  to  a  much  shorter 
distance  than  the  extreme  point  at  which  its  light  will  be  per- 
ceptible. 

38.  nnie  apparent  size  of  all  visible  objects  is  to  be  explained 
on  the  same  principles  with  those  that  govern  the  formation  of 
images  by  light  transmitted  through  an  aperture,  as  just  described. 
When  we  taSe  a  view  of  an  illuminated  body,  its  image  becomes 
traced  in  shadow,  exhibiting,  however,  its  proper  colours  on  the 
retina,  a  nervous  membrane  that  lines  the  interior  surface  of  the 
eye.  A  more  particular  description  of  the  structure  and  apparent 
uses  of  the  difierent  parts  of  the  organ  of  vision  will  be  introduced 
after  the  nature  and  causes  of  the  refraction  of  light  have  been  ex- 
plained ;  but  the  relation  between  visible  images  of  objects  and 
the  angrular  distances  of  the  objects  themselves  may  here  be  con- 
eisely  pointed  out. 

39.  From  what  has  been  previously  stated  concerning  the  dimi- 
nution of  the  liffht  of  a  pencil  of  rays  in  proportion  to  the  distances 
of  the  point  wnence  they  diverge,  it  must  be  evident  that  the 
nearer  to  the  eye  any  object  may  be  placed,  so  much  more  nume- 
rous will  be  the  rays  of  light  passing  from  it  which  can  act  upon 
the  eye  so  as  to  form  the  imag^  on  the  retina.  The  number  of  the 
rays  indc^  will  increase  or  decrease  as  the  squares  of  the  dis- 
tances of  objects,  after  the  manner  already  described.  This,  how- 
ever, is  to  be  understood  as  the  law  that  regulates  the  propagation 
of  light  simply  and  independently  of  the  medium  it  traverses ;  for 
air,  the  most  transparent  of  bodies,  interrupts  in  some  degree  the 
passage  of  light  through  it,  as  elsewhere  observed ;  and  therefore 
the  apparent  dimensions  of  objects  must  be  considerably  influ- 
enced by  the  nature  of  the  medium  through  which  they  are  be- 
held.* 

30.  The  angle  formed  by  the  crossing  of  the  rays  of  light  pass- 
ing from  the  opposite  extremities  of  a  visible  object  is  called  the 

What  causes  tliis  Tariation  ? 

How  is  the  apparent  size  of  objects  dependent  on  their  distance  ? 
How  must  the  apparent  brightness  of  an  object  be  affected  by  its  near- 
ness to  the  eye  ? 

What  is  meant  by  the  angle  ofvmon? 

•  See  the  ■ubsequent  part  of  this  treatise,  relating  to  the  Refraction  of 
Light. 
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BugkofTtobiL  Now  that  angle  wmb«ttlatifahrv«9'CNNitf«»r 
ed  wfaea  the  radiatiiig  Hnea  aie  emiltod  tfan  an  ogect  eartrenwly 
miirate,  ot  from  one  phieed  at  a  greal  diBtanrw*  'FIraa  there  an 
inaeelB  too  aoaall  to  be  mlble  tothe  aaked  eye  even  when  bronglil 
as  near  to  it  as  possibie ;  -and  some  objeets  of  iwiaenee  aiiey  as 
the  ixed  atara,  each  of  whiek  ptbbidily  la  numy  thoeaand  tioM 
larger  than  the  earth,  appear  aa  nMra  poinla  fimm  the  nrntite  aite* 
atioaa  they  ooeepj;  while  Iheae  aie  deubtleaii  aoaltitedeo  of  odwr 
atara  yet  more  remote,  and  therelbn  qaita  iaviaiUey  evea  when 
the  heatena  are  anrreyed  throa|^  the  best  ijiaeeopee.  Unkta' 
the  angle  of  vision  be  more  than  one  aaeood  of  a  degrae^  tiie  object 
whence  the  rajra  proeeed  will  aot  be  Tiaihle^-willMnfe  it  be  veiy 
strongly  illnminatod. 

81.  The  veloeity  of  light ie avgiMt tkaa it waakw  aoppoaad 
to  pasa  inatantaneooaly  thtoagh  any  given  tpaee;  aid  tfaoagh  it 
naa  been  ascertained  that  it  oeonpiea  a  eertain  time  in  its  paasage 
proportioned  to  the  distanoaa  traveraed^  yet  eo  i^id  in  ita  appa* 
rant  motion,  that  in  obaerving  the  efieet  of  light  at  ^aote  a  raw 
miles  distant  from  each  other  the  tine  aaed  not  be  tueninto  the 
aceonnt*  The  rate  at  wi^ch  lioht  ia  pitopagstad  was  diaooveiad 
by  Olans  Reamer,  m  ma^pag  ohaervationa  on  the  eellpeea  of  the 
satellitea  of  Jnpiter.      -  (       . 

39.  If  the  tnuMBBJaaion  of  Hgfat  wewi  ina<intaneoas»  H  nwat  be 
obviona  that  theaeAeeted  light  of  the  ann  wonld  take  op  ne  more 
time  in  passing  from  any  one  of  the  planetary  bodies  to  tiie  enfkf 
when  they  are  fiurtliest  from  ns,  than  it  doea  when  they  are  naar- 
eat ;  and  as  the  sitnation  of  the  earth  with  respect  to  the  otiier  pb* 
nets  is  difbrent  in  different  parts  of  her  orbit,  the  satellites  oTJif 
piter,  on  emerging  from  the  shadow  of  thai  planet,  woold  be  seen 
as  quickly  when  the  earth  was  ia  one  part  of  her  orbit  as  in  ano* 
ther.  Bat  this  is  by  no  means  the  case;  and  the  effect  of  ths 
transmission  of  light  is  such,  that  when  the  earth  is  between  Jn- 
piter and  the  son,  the  satellites,  after  being  eclipsed,  are  perceived 
rather  more  than  eight  minutes  sooner  than  they  ought  to  apuear 
according  to  the  time  as  calculated  by  the  most  accurate  taHes; 
and  when  the  earth  is  in  the  opposite  part  of  her  orbit,  ao  that  the 
sun  is  between  this  planet  and  Jupiter,  the  aat^ttea  emerge  about 
eight  minutes  later  than  the  calculated  or  mean  tinie. 

By  what  two  circumstances  may  that  angle  be  diminished  till  the  ob- 
ject becomes  imperceptible  ? 
Give  some  tllostrationa  of  both 


What  is  generally  the  least  anele  under  which  an  object  can  be  seen  ? 

What  was  formerly  thought  of  the  motion  of  li^t? 

Why  do  we  make  no  account  of  the  time  occupied  by  light  in  trarers- 
ing  distances  on  the  earth's  surface  ? 

How  would  the  ihstantaneous  transmission  of  light  through  space  ena- 
ble us  to  see  the  heavenly  bodies  in  different  parts  of  the  eardi's  orbit  ? 

What  is  found  to  be  tlie  fact  in  regard  to  Jupiter's  satellites  ? 


vxLoomr  or  ttonr. 
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83.  In  the  annexed  diaorram,  let  S  re- 
present the  son,  A  and  B  the  earth  in  dif- 
ferent parts  of  her  orbit,  J,  Japiter,  D,  his 
nearest  satellite  entering  the  shadow  of 
that  planet,  and  C,  the  same  satellite, 
emerging  from  the  shadow.  Now  the  time 
of  the  commencement  or  termination  of  an 
eclipse  of  the  satellite,  as  stated  from  cal- 
culation in  tables,  is  the  instant  at  which 
the  satellite  would  appear  to  enter  or 
emeree  from  the  shadow,  if  it  could  be 
seen  by  an  observer  from  the  sun :  and  it 
is  found  from  repeated  obsenration,  that 
the  eclipse  takes  place  about  d  minutes 
earlier  than  the  calculated  period,  when 
the  earth  is  in  the  nearest  part  of  her  orbit, 
as  at  A,  and  8  minutes  later  when  she  is 
in  &e  opposite  part  of  her  orbit,  as  at  B. 
Hence  it  will  be  apparent  that  light  takes 
np  8  minutes  in  passing  throuj^h  a  space 
equal  to  half  the  diameter  of  the  earth's  orbit,  or  the  distance  be- 
tween the  earth  and  the  sun,  which  is  ninety-five  millions  of 
miles;  so  that  it  mores  at  the  rate  of  95,000,000-^-8x60=1 
197,916,  nearly  900,000  miles  in  one  second. 
34.  Tlie  aberration  of  the  fixed  stars  also  shows  with  what 

rd  light  is  propagated ;  Dr.  Bradley  having  ascertained  that 
phenomenon  depends  on  the  motion  of  the  earth  in  her  orbit, 
in  connexion  with  the  velocity  of  light.  *  The  effect  thus  produccni 
on  the  apparent  places  of  the  fixed  stars  at  different  times,  termed 
aberration,  is  familiarly  explained  by  Professor  Robison.  He  ob- 
serves, that  if  hailstones  were  falling  perpendicularly,  they  would 
pass  freely  through  a  tube  held  steadily  in  a  vertical  position;  but 
if  the  tube  were  moved  round  in  a  circle  while  the  hailstones  were 
falling  they  would  impinge  against  its  side,  unless  the  tube  were 
inclined  forward,  at  an  angle  of  45  deg.,  supposing  the  velocity 
with  which  the  tube  was  moved  was  equal  to  that  of  the  falling 
hail.  **  In  the  very  same  manner,  if  the  earth  be  at  rest,  and  we 
would  view  a  star  near  the  pole  of  the  ecliptic,  the  telescope  must 
be  pointed  directly  at  the  star.  But  if  the  earth  be  in  motion 
round  the  sun,  the  telescope  must  be  pointed  a  little  forward,  that 
the  light  may  come  along  the  axis  of  the  tube. 

What  is  the  true  time  of  commencement  or  termination  of  the  eelipse 
of  one  of  those  satellites  ? 

Construct  and  explain  the  diag^m,  shovinr  the  veloeitr  of  lirht. 

How  long  does  it  require  to  traverse  a  scmi-oiameter  of  the  earth's  orbit? 

How  far  will  it  travel  in  a  second  ? 

On  what  does  the  aberration  of  the  fixed  stars  depend  ? 

By  what  supposed  arrangement  of  apparatus  may  tlie  aberration  of 
light  be  illustrated  ? 

What  must  the  ^haolate  direction  of  a  teleaeo^  \>e  \ti  t^^t^  \&  ^^ 
poutioa  of  the  body  viewed  f 
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33.  **The  proportion  of  the  Yelocity  of  light  to  the  supposed  Te- 
locity of  the  earth  in  her  orbit  is  nearly  that  of  10,000  to  1 :  there* 
fore  the  telescope  must  lean  about  20  sec.  forward.     Half  a  year 
a(ier  this,  let  the  same  star  be  viewed  again.    The  telescope  mnst 
again  bs.  pointed  SO  sec.  ahead  of  the  true  position  of  the  star : 
but  this  is  in  the  opposite  direction  to  the  former  deviation  of  the 
telescope;  because  the  earth,  being  now  in  the  opposite  part  of 
her  orbit,  is  moving  the  other  way.    Therefore  the  position  of  the 
star  must  appear  to  have  changed  40  sec.  in  the  six  months.    It 
is  easy  to  show  that  the  consequence  of  this  is,  that  every  star 
must  appear  to  have  40  sec.  more  longitude  when  it  is  on  our  me- 
ridian at  midnight  than  when  it  is  on  the  meridian  at  mid-day. 
The  effect  of  this  composition  of  motions,  which  is  most  suscepti- 
ble of  accurate  examination,  is  the  following.     Let  the  declination 
of  some  star  near  the  pole  of  the  ecliptic  be  observed  at  the  time 
of  the  equinoxes.     It  will  be  found  to  have  40  sec.  more  declina- 
tion in  the  autumnal  than  in  the  vernal  equinox,  if  the  observer 
be  in  the  latitude  of  66  deg.  30  min. ;  and  not  much  less  if  be  be 
in  the  latitude  of  London.    Also  every  star  in  the  heavens  should 
appear  to  describe  a  little  ellipse,  whose  longer  axis  is  40  sec"* 
36.  As  the  total  absence  or  privation  of  light  produces  darkness, 
so  the  partial  defect  of  light  occasions  shade;  and  when  any 
opaque  body  interrupts  the  passage  of  the  rays  of  light,  the  figure 
of  that  body  or  its  outline  surrounding  a  dark  area  will  be  formed 
on  any  plane  surface  beyond  the  opaque  body,  constituting  its 
shadow.    The  depth  or  darkness  of  the  shadow  is  always  in  di- 
rect proportion  to  the  intensity  of  the  light ;  and  if  an  opaque  body 
be  illuminated  by  several  lights  at  once,  differently  situated,  as 
many  shadows  will    be    formed  as  there  are  lights  present;  as 
may  be  observed  with  respect  to  any  object  in  a  room  where  two 
or  more  candles  are  burning.     If  the  luminous  body  be  larger 
than  the  opaque  body  that  intercepts  its  rays,  the  shadfow  will  be 
in  the  figure  of  a  pyramid  the  base  of  which  will  be  equal  to  the 
surface  of  the  opaque  body,  and  its  extent  will  depend  on  the  dis- 
tance at  which  the  luminous  body  is  situated  from  that  which  in- 
tercepts its  light. 


What  is  the  proportion  between  the  velocity  of  light  and  that  of  Uie 
earth's  progressive  motion  ? 

How  much  must  a  telescope  be  inclined  forward  of  its  real  object  in 
order  to  see  a  remote  luminarj  ? 

Why  will  it  appear  to  be  again  in  advance  of  its  true  position  at  the 
end  of  half  a  year  ? 

On  what  is  the  intensity  of  shadows  dependent } 

What  will  be  the  form  of  shadows  when  the  ratUant  is  larger  than  the 
intercepting  surface  ? 

♦  Elements  of  MecUamcaA  P\\\\otovV\^  ,\WA,\ol,  i.  ^^.  264, 265. 
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S7*  fAiiifl, in thepiBoediiur diagram, suppose  S  to lepietentthe 
san,  V  Ibe  plsoel  Venas,  and  E  the  earth;  then  if  the  two  planets 
were  of  eqaal  aiie,  Venus  being  nearer  than  the  earth  to  the  sun 
would  cast  a  -shoiler  conical  shsMlow  than  our  planet. 

38.  If  a  shadow  be  formed  by  an  opaque  body  of  elactly  the 
same  dimensions  wiUi  the  luminous  body  whose  rays  it  interrupts, 
the  shadow  will  be  a  cylinder  of  an  area  equal  to  that  of  the  two 
bodies,  luid  extending  infinitely  in  lenffth*  But  if  the  luminous 
body  be  smaller  than  the  6paqne  body  Sie  shadow  will  be  a  trun- 
cated pyramid,  the  larger  base  of  which  must  be  at  an  infinite 
distance.  In  the  former  case  the  rays  of  liffht  will  proceed  in  pa- 
rallel lines  tlH  they  are  intercepted,  and  ue  consequent  shadow 
will  preserre  the  same  dimensions  throughout  its  indefinite  extent; 
and  in  the  latter  case  the  rays  will  be  ^vergent,  and  the  shadow 
formed  will  increase  in  dimensions  in  proportion  to  the  distance 
between  the  two  bodies. 


39.  This  will  further  appear  firom  considering  the  relatiye  di- 
mensions of  the  btime  fiffure  when  the  shadow  is  thrown  on  a 

Idane  surface  at  differept  distances  from  the  souree  of  light.  Thus 
et  A  be  an  object  illuminated  by  the  liffht  of  a  candle,  and  B,  C, 
D,  E,  be  &  succession  of  screens,  B  being  the  nearest,  and  E  the 
most  distant;  the  former,  therefor,  will  have  the  smallest  shadow, 
and  the  latter  the  largest. 

40.  The  proper  shadow  or  dark  outline  of  an  opaque  body, 
formed  when  it  intercepts  the  rays  of  light  from  a  luminous  body, 
is  always  encompassed  or  bordered  by  a  kind  of  demi-shadow,  or 

as  it  is  termed,  penumbra.*  Thus, 
in  the  annexed  diagram,  let  S  re- 
present the  sun,  or  any  other  source 
of  light,  and  A  B  any  opaque  body, 
the  true  or  proper  shadow  of  which, 
on  the  plane  M  N,  will  be  termi- 
nated by  the  tanffential  line  C  A  F, 
and  the  space  B  A  F  will  be  entirely 
shaded ;  out  the  penumbra  will  ex- 
'^    ^' — ^  ^     ^^   y    tend  from  F  to  I,  including  the  space 

How  It  thit  tllattrated  In  the  lolar  gystem  ? 
Exhibit  and  explain  the  diagram  on  this  nil^t 
What  form  will  the  darkened  tpaee  potteM  when  the  opaque  body  sad 
the  radUml  are  of  the  lame  size  ? 


*  J^m  the  Lttin  pene^  almost,  and  umbra,  si  A\si^q^ 
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F  AI;  which  will  be  partiftllyeiiUgfateiied»  Ike  shade  jmdttftlljr  di- 
minishing as  it  recedes  fromr  todrards  I,  idienriCifitU>e  lermma^ 
ed  by  ^e  seooad  tangent  E  A  I. 

41.  An  eclipse  of  the  son  being  ooeasioned  bj  tha  interpoeitioD 
<^  the  opaqne  body  of  the  moon  oetween  the  earth  and  the  sun, 
the  proper  shadow  will  be  a  frastam  of  a  eone  donTfrging  finm 
the  moon  towards  the  earth,  aad  there  will  be  a  fainter  Miadow  or 
penumbra  sarrounding  tiie  former.  This  is  shown  in  the  annexed 
figure,  where  S  represents  the  son,  M,  die  moooi  and  L,  the  earth ; 


the  dark  space  is  denoted  Inr  the  itoer  eonicij  shadow,  beyond 
which,  on  either  side,  exteuM  the  penmnbza. 

42.  Shadows  are  in  general  regarded  as  being  perfectly  black, 
as  they  certainly  must  be  where  the  lifffat  of  aluminous  body  is 
completely  excluded  by  an  opaque  hoSj  placed  before  it.  But 
shadows,  as  they  commonly  appear,  aM  fiioMl  to  vary  in  colour  as 
well  as  intensity,  according  to  cirouiiitGwoe*.    Thus,  the  shadows 

Erodnced  by  the  sun  at  diTOrent  houra  of  the  day,  and  those  caused 
y  different  sorts  of  lights,  if  attentively  examined,  will  be  per- 
ceived to  consist  of  green,  blue,  violet,  or  red  tints  more  or  less 
sullied  by  black. 

43.  The  figure  of  the  enlightened  part  of  an  opaque  body,  seen 
by  means  of  a  fixed  light,  depends  on  the  relative  position  of  the 
light  and  of  that  of  the  observer. 

c/*^^  Let  L,  in  the  marginal 

figure,  be  the  place  of  the 
luminous  point,  O  the  sit- 
uation of  the  observer: 
then,  an  opaque  sphere 
placed  at  A  would  not  ap- 
pear at  all  enlightenea; 
at  B,  the  enlightened  por- 
tion of  the  sphere  would 
assume  the  form  of  a  eras- 
cent;  at  C  it  would  be  a 
semi-circle ;  at  D  it  would  approach  to  a  circle ;  and  at  E  the  cirde 
would  be  complete.    The  phenomena  would  be  repeated,  but  in 

What  will  be  its  form,  if  the  opaque  body  be  larger  than  the  lamincos 
one  ? 

What  is  meant  by  a  penumbra  ? 

Explain  it  by  diagram. 

What  is  the  form  of  the  ttmbra,  or  proper  shadow  in  eelipaei  of  the 
moon  ? 

What  is  that  of  the  penumbra } 

What  rarlcty  appears  in  the  colours  of  shadows  ? 

Haw  are  the  suoeessive  appearanoea  «C  tlie  Tuoon  to  be  explained  f 
Dnw  and  deaertbe  the  diagram  for  \ti  ^hoaea^ 
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infOiM  tedor,  in  prooeediDg  throqgh  the  oppoeite  positions,  firon 
fi  to  A.  The  extent  of  the  enlightened  pert  risible  from  the  point 
O,  is  detennined  by  the  tansente  drawn  firom  the  small  sphere  to 
the  points  L  and  O :  thos  a  b  marks  the  enlightened  part  which  is 
Tisibla  of  the  spltere  D. 
44U  Tliia  diagram  and  description  will  senre  to  explain  the 

Ehases  of  ike  moon,  or  her  Tarions  appearances,  as  enlightened 
J  the  sun,  and  viewed  from  the  earth  in  different  parts  oi  her  or- 
bit. Tliat  satellite  bein|[  invisible  at  the  change,  or  new  moon,  as 
at  A,  and  afterwards  exhibiting  more  and  more  of  her  sar&ce  till  it 
becomes  a  complete  circular  disk,  or  full  moon,  as  at  E ;  after 
which  the  waning  moon  travels  on  to  A,  whence  a  fresh  succession 
of  changes  takes  place. 


CATOPTRICS. 


45.  BcsiDKS  the  general  effect  of  light  in  rendering  visible  all 
objects  within  the  influence  of  the  rays  extending  from  luminous 
bodies  to  those  around  them,  there  are  peculiar  phenomena  which 
take  place  when  the  rays  are  thrown  on  sabstances  presenting  very 
briffht  or  smoothly  polished  surfaces.  For  in  such  cases,  if  the 
snmoes  are  very  highly  polished,  they  are  no  longer  visible  when 
thus  illuminatea,  but  exhibit  perfect  pictures  of  any  objects  placed 
in  front  of  them,  that  is  between  the  light  and  the  polish&d  surface. 
The  effect  just  described  is  one  with  which  all  adult  persons  in 
civiliced  countries  are  so  familiarly  acquainted,  in  consequence  of 
the  general  use  of  mirrors  or  looking-glasses,  that  they  cease  to 
excite  wonder  or  observation ;  but  brute  animals,  iornorant  savages, 
and  doubtless  very  young  children,  when  they  behold  for  the  nrst 
time  an  image  in  a  mirror,  must  suppose  it  to  be  a  real  object. 

46.  The  effect  of  such  an  exhibition  on  a  game-cock  has  been 
often  noticed,  and  that  brutes  and  children  may  be  thus  deceived 
may  easily  be  admitted ;  but  it  might  be  apprehended  that  a  savage 
coiud  hardly  be  ignorant  of  the  effect  of  light  on  the  smooth  sur- 
foce  of  clear  water,  and  diat  he  would  therefore  view  without  sur- 
prise his  own  image  in  a  looking-glass.  This,  however,  is  not 
always  the  case ;  and  a  modem  traveller  relates  an  amusing  story 
of  a  savagfe,  who,  on  being  shown  his  face  in  a  pocket  glass,  be- 
came excessively  alarmed,  and  could  by  no  means  be  induced  to 

At  what  point  does  the  moon  become  invisible  from  immersion  in  the 
sun's  rays? 

How  may  an  opaque  sorfaee  be  rendered  inyirible  ? 

What  familiar  illnstratien  of  the  case  is  afforded  by  the  use  of  mirrors  ? 

What  evidence  have  we  that  only  the  image  formed  by  the  mirror  is 
really  visible  ? 

What  confirmation  do  travellers  afford  of  the  eorreetnesa  oC  lUU  cqiQi^v* 
gitioa  in  regM^  to  mirron  ^ 


47.  ^M  oommon  term  reiloction  has  been  adopted  to  dobltett*  { 
4k|M|ttSMt  of  liffhtio  preducing  ima^ea  ofliodicB  in  tiie^plDpS 
flaMfc  aid  also  uio  indirect  ^lect  of  light  In  formiog,  bf  witaat 
ilfnnll^ll  surfaoes,  images  of  bodias  in  some  place  or  ftmcBt 
flilBiHliltftlHll  that  where  Uiey  appear  by  dii^ct  light.  Tb*  UUei 
UmI  of  nAaodon  alone,  or  that  caused  by  Tariousl^-fomiFd  minoiSi  • 
ormpi^^lwB  perfectly  polished  surlacea,  const)  to  tea  thAmbject 
rf'IMtknMtfif  science  called  Catoptrics.*  ReftectingsinftMB 
nuty  fenkinageB,  the  apparent  situation  of  wUcli  will  be  no*  | 
dulaDt  tiom.  the  observer  than  the  surface  or  mirror  itself  na  iaf-  \ 
pane  in  the  c»ke  of  eommov  ]DWii|^|^aMM^  m  MNmsHninan; 
OT  theima^  may  be  fomtad  botvanr  A»4Mr«  of  the  obaamt  and 
the  refleetng  earfaee,  •nd^may  thq^oftlM  «yp8«r  in  dw  tit,  m 
will  be  peneiTod  in  noaw  luw  Nhwf  ■pukra  minon  am  vmL 
Other  dngolar  effects  may  be  BXhiUtWIir  ■wana  of  eylindiiNl 
or  conical  duitom,  m  by  vanou  at^ngMMMi  of  buimi%  a>ii4y 
oombuiptioni  eC  diem  wiA  olhet  Bf flMil  jjlwaai. 

ife/eefwM  jVoM  PbM  Aa;(BMiL  * 

48.  lUnorii^taivieflaatedMBdriiUctoAHMMifawaait 
regolateUiB  noUona of  peifeetlii  dMtiihlaiJbt  fm» n|riai|ri«f 
tug  on  a  rejecting  snrfaee  will  be  retONtadw  redacted  in  audit 
manner  that  the  angle  of  incidence  shall  be  exactly  eqnal  to  the 
angle  of  leOeouoa.f    Hence  if  a  lay  of  li^t  fidlshorizoiitaUToa 
*  plane  niitoiheld  rerticsUv,  Uwill  beideeted  IntfaeBamenglit 
line ;  but  if  it  ialle-  obliquely,  it  Will  1m  re&oted  with  the  Mina    • 
decree  of  obliquity;  that  is,  the  returning  liiw  and  the  line  of    i 
incidence  will  ftwni  ■niilai  ao^ea  wifli  a  perpeadioQlai  dram    ' 
between  them- 

.  49.  Tfaia .  msT  be  shown  by-  admitdng 
through  a  amall  apertnie,  into  a  d^  cham- 
ber, a  ray  of  li^t,  and  Teoeiviag  it  on  ame> 
tsJllo  mirror  A  B ;  if  it  fiill  obliqaely  in  the 
direction  C  D,  it  will  be  reflected  in  the  lina 
D  E,  sod  will  form  a  lucid  spot  at  E  oa  a 
plane  properly  ptaeed  to  meet  it.  Since  all 
lays  tailing  cm  a  refleetlDg  anifeoe  i^Mitely 
preseire,  aftet:  roOeolion,  dlieotiona  ooire- 

phenomFiiB  ii  (he  term  refleeiioo  applied? 

iilaaee  froa'Ihe  tjt, 


In  how  nuny  notition.,  >]th  referenee  lo  th< 

inaj  imani  be  Torswd  bjr  reaeeliii|;  mrAieaa  ' 

AMordingto  nhu  law)  an  ray)  of  It^t  rea« 
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spondiBg  with  those  they  had  previotiBly,  therefore  a  ray  fallingr  on 
a  mirror  perpendicolarly  would  be  reflected  on  itself^  and  conse- 
qaendy  coula  prodnee  no  lucid  image. 

50.  The  relatiye  position  of  the  ima^e  of 
an  object  as  seen  in  a  reflecting  plane  will  be 
such  that  every  part  of  the  image  will  appear 
as  fer  behind  tiie  ^ane  as  the  object  itself  is 
before  it.  Let  AB  represent  a  plane  mirror, 
and  E  F  any  object,  as  an  arrow ;  then  draw, 
from  the  points  £  and  F,  the  perpendiculars 
E  6  and  F  H  to  the  surface  of  the  mirror, 
and  produce  those  lines  to  e  and  /,  so  that 

|>  £  G  shall  be  equal  to  e  G,  and  F  H  to  /H, 
and  ef  will  be  the  position  of  the  imagre 
which  will  be  exactly  equal  to  the  object,  as 
the  quadrilateral  fijpire  G  ef  H  will  be  equal  to  the  quadrangle 
G  £  T  H«  From  inspection  of  this  figure  it  will  be  perceived, 
that  the  rays  of  liffht  proceeding  from  that  part  of  the  object  nearest 
to  the  surface  of  Uie  mirror  will  be  reflected  so  as  to  form  the  part 
of  the  image  nearest  to  the  plane  of  the  mirror  in  the  opposite  di- 
rection. Hence  when  trees  or  buildings,  or  any  other  objects,  are 
reflected  from  an  horizontal  plane,  as  me  surface  of  a  pond  or  a 
smooth  stream  of  water,  they  will  appear  inverted ;  for  tneir  lower 
parts  being  nearest  to  the  reflecting  surface  are  seen  immediately 
within  it,  while  their  tops  seem  to  hang  downwards,  or  to  extend 
deeper  beyond  the  surface. 

51.  When  a  mirror,   C,  in  the  annexed 

I^JBP       I        ^    figure,  is  inclined  forward  at  an  angle  of  45 
^^«  b  deg.  an  object  A  B,  if  placed  in  a  vertical 

^V  position,  will  form  an  horizontal  image  a  b ; 

^^  and  if  the  position  of  the  object  be  horizon- 

^^  tal,  that  of  the  image  will  be  vertical. 

^^  52.  A  person  standing  before  a  plane  mir- 

^         ror  placea  vertically  opposite  to  him,  will  not 
'  perceive  the  image  of  his  whole  person,  if 

the  length  of  the  mirror  be  less  than  half  his 
height.  But  if  the  upper  part  of  the  mirror  be  inclined  forward, 
more  of  the  image  wul  become  visible,  in  proportion  to  the  dimen- 
sions of  the  mirror,  than  when  it  is  placed  vertically ;  and  hence 
a  person  may  view  himself  from  head  to  foot  in  a  looking-glass 

Explain  the  diagram  relating  to  the  incident  and  reflected  rays. 

Into  what  line  will  a  ray  falling  perpendicular  to  a  reflecting  surface  be 
refleeted  ? 

Explain  the  relatiye  position  of  pai*t8  of  an  image  formed  by  a  reflect- 
ing plane. 

why  do  treet,  buildings,  or  other  objeets  seen  by  reflection  from  a  sur- 
face oi  water,  appear  inverted  ? 

How  may  a  vertical  objeet  be  made  to  produee  a  horizontal  image  } 

How  long  must  a  vertical  plane  mirror  be,  in  order  that  the  whole 
person  may  be  seen  by  an  eye  immediately  in  front  of  it  ? 

VHbaX  expedient  eoabief  us  to  lee  the  vhoVe  \»ev«CRi  Wi^  wuiSLiSiVtit^'cX 

2G 


I .« 
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of  B  0iod«nle  lAw^hf  ^lineHmdn&^iiiambtibMmAaa^^ 
then  the  image  at  w«U  at  tte'iidnw  WulappMtiftiBW^ 

poeition. 

53.  Any  one  looking  into  n  fixed  nitTor,  said  at  the  eame  time 
stepping  Mokwafde  or  adhrandng  fbrtraxda,  would  peredve  Ui 
image  fleo  to  reeede  or  appraadt,  but  WMi  doobfci  th»  jfoloeiftf  cf 
the  aotoal  motion.  Thia  >inll  be  vndenrtood  by  feaanlBg  io  what 
liaa  been  atated  relative  fo  tfw  angld  imder  whlK  lie  image  is 
peroeiTed* 

54.  A  number  ci  image*  may  be  'Ibnied  and  peooliar  affiMto 
prodaced  by  meana  of  two  mlrroniy  ^iier  ineliaed  or|mlld,ttd 
oppoaite  to  eaoh  other,  fiir  the  image  of  Wpbjeot  wfaicm  ia  draaea- 
ted  behind  one  minor  may  tiioa  aeiVe  ik'-^  olttBCfl.to.bilitelBd 
tirom  the  anrfaee  of  another  mirror.        ' 

55.  If  any  obj^et,  aa  M,  N,  be 
pliMsed  betwaen  two  plane  minon  in" 
elined  towaida  eMD  oIIiot  at  an  an* 
gle  A  C  B,  aavttal  imiigea  will  be 
perceived.  aD  aitnated  In  tiitf  einnna- 
mienee  of  aeirele.    Thii  may  be  de- 
monatrated  hr.  drawing  the  imue  fai 
ita  plaee  bebmdeteh  imnor,  anoeoa- 
siderinff  eaeh  image  as  fbni^g  tn 
object  m  ita  tani«  the  image  of  midi 
is  also  to  be  dmwn.    Thositwillbe 
perceived  that  the  image  of  M  N  in 
the  mirror  A  C  is  m  n,  while  its 
imaffe  in  B  C  is  M'  N' ;  and  in  the  same  manner  the  image  foimed 
b  J  the  reflection  of  the  first  image  mn  in  hC  will  be  M''  N",  while 
the  image  of  M'  N'  in  a  C  willbe  m'n'.    It  will  further  i^pear 
that  m''  n"  is  the  image  of  both  M"  N''  Id  the  mirror  1/  C,  and  of 
m'  n'  in  the  mirror  of  C,  one  of  the  images  covering  the  other,  if 
the  angle  A  C  B  be  60  degrees,  or  the  sixth  part  of  a  circle,  as 
in  the  aiamram ;  but,  if  the  angle  be  any  greater  or  less,  the  image 
m!'  n"  wul  be  two-fold;  that  is,  the  two  images  will  not  ex- 
actly coincide.    On  this  principle  is  formed  the  Kaleidoscope,* 
invented  by  Sir  D.  Brewster,  and  by  means  of  which  tlie  reflected 
images,  viewed  from  a  particular  point,  exhibit  synunetrical  figures 
under  an  infinite  variety  of  arrangements  of  beautiful  forms  and 
colours. 

56.  If  the  two  mirrors  are  placed  opposite  and  parallel  to  each 
other,  an  indefinite  multitude  of  images  will  be  perceived,  becoming 
more  and  more  indistinct  by  repeated  reflection,  till  at  last  thej^ 

How  may  the  image  be  made  to  advance  or  retire  ? 

How  ma  J  the  image  of  one  reflection  be  made  the  objeet  of  another  ? 

Explain  this  by  the  diagram. 

What  optical  toy  is  eonstrueted  on  the  principle  of  multiplied  refleetioni 

What  appearance  results  from  refleotions  between  parallel  mirrors  ? 


*  From  the  Greek  iUK«s,bet»ACQ\,\i)««,i^tQrm««»\^ik«it««^ta  view. 
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TBidih  in  obscarity.  This  effect  may  be  advantageously  observed 
in  an  apartment  where  two  mirrors  are  fixed  on  opposite  sides  of 
it,  with  a  lustre,  or  some  snch  object  between  them.  One  of  the 
rooms  at  Fonthill  Abbey,  built  by  the  eccentric  Alderman  Beckford, 
was  wainscoted,  as  it  were,  with  mirrors  of  plate-glass ;  and 
thus  it  presented  to  the  spectator  an  interminable  vista  on  every 
side,  filled  with  a  seemingly  infinite  multiplicity  of  objects. 

57.  Common  mirrors  are  formed  of  glass,  to  the  back  of  which 
is  attached  an  amalffam  or  mixture  of  tin  and  quicksilver,  which 
adhering  to  the  surrace  of  the  glass  forms  a  smooth  polished  plane, 
capable  oi  reflecting  the  rays  of  light  which  impinge  on  it  more 
abundantly  than  almost  any  other  kind  of  mirror.  The  principid 
reflecting  snr&ce  in  this  case  is  that  where  the  metallic  covenng 
joins  the  back  part  of  the  glass ;  and  the  image  there  formed  under 
ordinary  circumstances  is  so  bright  and  distinct  as  to  prevent  any 
other  from  bein^  perceived.  If  however,  a  lighted  candle  be  held 
before  a^lass  ourror,  so  that  its  rays  may  fall  on  the  glass  obliquely, 
several  images  may  be  perceived ;  as  a  fiiint  one  at  the  outer  sur- 
face, another  much  more  intense  just  behind  the  former,  and  seve- 
ral others  gradually  receding,  and  becoming  fainter  and  fainter,  till 
they  vanish  in  the  distance.  The  first  fiadnt  image  is  formed  by 
reflection  from  the  outer  surface  of  the  glass,  the  second,  or  prin- 
cipal image,  at  the  surface  of  the  amalgam,  and  the  others  by 
reflection  within  the  glass.  These  interfering  secondary  imageis, 
though  of  no  importance  in  a  common  mirror,  would  produce  con- 
fusion in  more  delicate  optical  instruments,  such  as  the  reflecting 
telescope,  the  mirrors  of  which  therefore  are  constructed  entirely 
of  polished  metal,  which,  presenting  only  one  reflecting  surface, 
affords  a  single  image. 

58.  Among  the  natural  phenomena  produced  by  the  reflection 
of  light,  by  Tar  the  most  important  is  that  of  atmospheric  reflec- 
tion, for  without  it  few  objects  would  be  visible  excepting  those 
on  which  the  rays  of  the  sun  misht  fiedl  in  a  direct  line  between 
that  luminary  and  the  eye.  But  uie  rays  of  light  falling  on  the 
particles  wmch  compose  the  atmosphere  are  thence  reflected  in 
every  direction,  and  thus  daylight  is  produced  even  when  the 
whole  visible  hemisphere  is  covered  with  clouds,  and  the  face  of 
the  sun  is  hidden  from  our  view.  But  for  reflection,  all  opaque 
bodies  would  cast  perfectly  dark  shadows ;  and  on  turning  our 
backs  to  the  sun  the  objects  before  us  would  be  involved  in  the 
deepest  obscurity. 

59«  Some  of  the  less  usual  phenomena  depending  on  atmos- 
pheric reflection  are  extremely  curious,  as  that  called  the  Mirage, 

Where  has  this  experiment  been  exhibited  on  a  grand  scale  ? 

How  are  common  mirrors  constructed  ? 

What  part  does  the  glass  act  in  the  formation  of  images  } 

How  are  the  numerous  images,  Tisible  in  an  oblique  direction  to  the  sor- 
Aice  of  the  mirror,  produced? 

Why  are  not  glass  mirrors  employed  for  reflecting  telescopes  ? 

What  would  be  the  effect  of  opaque  bodies,  if  the  atmos^h^re  wev«dftv» 
titute  of  reQeeting  power  f 


andftTHietfof aXfialipeotn^ofanflaakyGmkM  llMaiinfiii 
seiieralljpeieeiTed  onwndy  plains  in  hot  tljewtig^ m  in  Bpfttid 
ui  SoQth  Ameriea ;  and  it  Ins  been  oHm  dMnilwd  by-tnnraiBMn. 

60.  In  the  middle  of  te  day,  >i^iea  the  fan  ahinas  on Hm  kftl 
SQfftioe  of  the  sandy  the  appeaimnce  of  a  sheet  of  walei  is  shsw 
Ted  at  the  seeminif  distanee  of  aboat  a  fimtar  of  •  inile$  tte  de* 
ceptipn  beinff  so  eomplete,  thai  any  penoa  nnaoaiiainisd  iHth 
its  catne  woud  IneTitably  suppose  ke  ilras  i^ipfoaahlng  •  lake  or 
rfrer.  Like  real  water,  the  spectfal  lahe-wteBts  objoets  aafomud,  se 
thathonses,  trees,  and  ai^mais,  aie  pevoeimi  wMi  tte  vtaioet  dft»^ 
tinctness  in  this  sinffnler  ipirror.  An  the  obsei^er  adfittoes,  Ae 
▼isionary  stream  needes,  stQl  keeping  at  Ae  same  appannt  dft^ 
tance,  bnt  with  ehanges  of  scene,  ky  tfie  dkwpjSeagaaoe^f  isiagBS 
first  beheld,  and  the  finrmation  of  new  ones  ma  oCksr  ekfesl8» 
as  tfaeysuceessiTely  become  Hable  to  leflecitiett. 

6[1.  The  French  philosopher  Monffe,  who  witneaiisd  lUs  ^s- 
noinenonin  Bgypt,  pnbliidied  a  satifAetoiy  eiplaMtlon  of  it  ki 
the  fin^t  Tolnme  oif  the  Jkeade  BgnpHemte/  and  alkovt  tiM  sane 
time  a  similar  oroosltion  of  th*  eanse.oflt  was  glMi  by  Dr. 
Wollaston,  in  the  London  Fbfloso^eal  TransaotieBiik  ItekMer 
also  produced  an  artificial  mirage  m  the  healed  alt  tffm  m  bhss  of 
red*hot  iron ;  and  he  obsenred  the  same  iq^pearaiiee  in  kotfea  seeii 
across  the  surfiuses  of  two  d}flbrsnt].T  leftaeUng  iuijis  plaeed  oae 
aboTB  the  other  in  a  traiusparent  Tessel. 

62.  He  thus  accounts  for  the  pkenmenmi ;  in  tiii(  midiflsof 
the  day,  the  sandy  soil  becoming  Tery  hot,  the  stratum  d  the 
air  in  contact  with  it  acanires  a  ven^  elevated  temperatnre,  and 
hence,  being  dilated,  its  aensity  is  round  inferior  to  t|iat  of  the 
strata  immediately  aboye  it,  and  the  luminous  rays  which  fidl 
on  this  dilated  stratum,  at  an  anffle  comprised  within  a  cer- 
tain limit  of  90  degrees,  are  reflected  at  its  surfiice  as  firom  a  mir* 
ror;  and  ^ey  conyey  to  the  eye  of  the  observer  the  rerersed 
image  of  the  lower  parts  of  the  sky,  which  are  then  seen  on  the 
prolongation  of  the  rays  receiyed,  and  consequendy  appear  below 
the  real  hoiizon.  In  this  case,  if  nothing  corrects  the  error, 
the  limits  of  Uie  horizon  will  appear  lower  and  nearer  tiian  the]r 
really  are* 

63.  If  any  objects,  as  villages,  tiroes,  or  the  Hke,  render  it  evident 
to  the  observer  that  the  limits  of  the  horizon  are  more  remote,  and 
that  the  sky  is  not  so  low  as  it  seems,  the  reflected  image  of  the  sky 
will  appear  to  form  a  reflecting  plane  of  water.  Hie  villages  and 
the  trees  will  emit  rays  which  will  be  roflected  just  as  lajs 

How  is  the  mirage  formed  ? 

Give  some  account  of  that  appearance* 

How  may  the  effect  be  imitated  ? 

What  explanation  did  Wollaston  give  of  that  pbcnomenoa  ?         

How  is  the  Imagination  led  to  the  suppo^itioii  that  tfie  reverted  hm^ 
of  the  lower  part  of  the  sky  is  nearer  and  lower  than  the  tme  viiible  ho- 
rizon ? 

How  doe^  it  appear  that  trees,  buildingSy  ke.^  oi^t  to  appear  rsferfed 
in  ibe  inrerted  inia|;e  oC  the  ALy  ) 
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woald  hare  been  if  coming  from  the  part  of  the  sky  intercepted  by 
them.  And  these  rays  wul  prodace  a  reversed  image  below  the 
objects  seen  by  direct  rays.  The  limit  at  which  the  laminous 
rays  begin  to  be  reflected  being  constant,  and  the  rays  that  form 
the  largest  angle  with  the  horizon  appearing  to  come  from  the 
point  nearest  to  the  spot  where  the  phenomenon  commences,  this 
point  must  be  at  a  constant  distance  from  the  observer :  hence  if 
he  advances,  the  border  of  the  lake  will  seem  to  recede,  as  actually 
happens. 

64.  MM.  Jnrine  and  Soret,  in  September,  1818,  observed,  on 
the  lake  of  Geneva,  a  phenomenon  analogous  to  the  mirage,  but 
which,  instead  of  heins  cauied  by  horizontal  reflection,  was  pro- 
duced laterally  by  the  heating  of  vertical  strata  of  air  on  the  sides 
of  mountains,  wnich  border  on  the  lake  where  the  phenomenon 
occurred. 

65.  Those  meteorological  phenomena,  called  paraseline*  and 
parhelion,'!'  appear  to  be  produced  by  reflection.  When  the  moon 
rises  after  mid-day,  and  consequently  at  a  time  favourable  to  the' 
appearance  of  the  mirage,  if  the  light  of  the  sun  and  the  clearness 
of  the  atmosphere  allow  the  moon  to  be  seen  just  as  she  gets  above 
the  horizon,  two  images  of  that  satellite  ma^  be  perceived.  The 
parhelion  is  sometimes  observed  at  sea,  but  it  is  a  much  more  rare 

fihenomenon  than  the  preceding,  depending,  however,  on  a  simi- 
ar  cause.  Among  the  instances  recordea  of  the  appearance  of 
tliese  mock  suns  may  be  mentioned  the  occurrence  of  four  solai 
images  observed  at  Itome  in  March,  1639,  one  being  much  tinted 
with  the  colours  of  the  rainbow,  and  the  others  faintly  coloured. 
Parhelia  were  seen  by  Cassini,  in  1689;  and  they  have  also  been 
noticed  in  England,  Scotland,  and  America.^ 

66.  On  similar  principles  to  those  which  serve  to  explain  the 
mirage  depend  those  appearances  called  looming,  or  the  elevation 
of  objects  seen  in  the  oistant  horizon  above  their  usual  level ;  such 
as  the  Fata  Morgana,  observed  in  the  Straits  of  Messina ;  and  the 
singular  apparitions  of  ships  and  other  objects  in  the  air,  some* 
times  in  a  direct  position,  but  more  frequently  inverted. 

67.  The  following  figures  are  given  from  drawings  of  aerial 
spectra^  observed  at  Dover,  England,  in  Msnr,  1833.  When  the 
real  ship  is  visible,  a  double  image  may  be  formed,  consisting  of 
an  inverted  figure  immediately  over  the  ship  itself,  and  another 

How  it  the  eonttant  retreat  of  the  imaginary  lake  or  river  to  be  ex- 
plained. 

May  any  other  than  horizontal  sti^ata  of  heated  air  produce  the  efTect  of 
nnrRg;e  ? 

Wiiat  other  phenomenon  witnessed  at  sea  is  to  be  explained  on  Uie 
principles  of  atmospheric  reflection  ? 

*  From  the  Greek  preposition  n«pa,  with,  and  i:$Knvn,  the  moon. 

t  From  ii»px,  with, and  Hxie;,  the  sun:  i.  e., appearing  together  with, 
or  accompanying  the  sun. 

^  For  an  account  of  the  frequent  appearaiMe  ot  Y*>^cW^^al^W)&  ^vrcV% 
accouiit  of  his  stay  at  MeJ?ilIe  Island. — Yju 
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fi^re  in  an  erect  position,  aboye  the  precedinflr.  If  there  Is  s 
sinffle  figrure  only,  it  will  usually  be  inirerted  with  respect  to  the 
real  ship  below  it.  Sometimes  a  double  image,  or  an  erect  figiue 
with  one  below  it  inrerted,  will  appear  when  the  ressel  thus  re^ 
fleeted  is  wholly  iuTisable,  or  perhaps  its  topmasts  be  seen,  while 
the  remaining  parts  are  hidden  by  the  omiTexity  of  the  earth's 
surface. 


68.  The  manner  in  whidi  these  and  similar  phenomena  may 
be  caused  by  reflection  may  be  comprehended  by  reference  to  the 
analogous  effect  of  spheri<^  mirrors,  subsequently  noticed.  But 
it  is  probable  that,  where  double  images  of  objects  appear,  the 
effect  depends  chiefly  on  the  refraction  of  light,  owing  to  the  va- 
rying density  of  the  atmosphere;  and  the  circumstances  under 
which  such  a  state  of  the  air  may  be  produced  have  been  pointed 
out  and  illustrated  by  Dr.  Wollaston.*  The  refraction  being 
greatest  where  the  change  of  density  is  the  most  rapid,  and  less 
on  each  side  of  this  point,  the  whole  effect  must  be  smiilar  to  that 
of  a  convex  lens. 

69.  In  reference  to  the  Fata  Morgana,  Dr.  T.  Youny  says,  "It 
may  frequently  happen  in  a  medium  gjadually  varying,  that  a 
number  of  different  rays  of  light  may  be  inflected  into  an^es  equal 
to  the  angles  of  incidence,  and  in  this  respect  the  effect  resemoles 
reflection  rather  more  than  refraction."f 

ReJUction  from  Ckmvex  Surfaces, 

70.  The  effect  of  light  reflected  from  a  convex  mirror  is  to  pro* 
duce  a  miniature  picture  of  any  objects  placed  opposite  to  it;  the 
images  thus  formed  appearing,  to  tiie  eye  of  the  observer  in  front. 

How  will  the  appearance  of  spectre  ships  be  affected  by  the  nearness  or 
remoteness  of  the  real  ships  which  cause  the  spectra  ? 

How  is  refraction  affected  by  change  of  densily  in  the  air  ? 

What  circunistanee  of  the  air  may  cause  varying  rays  of  incident  light 
to  be  reflected  to  a  focus  ? 

What  appearance  is  explained  on  this  supposition  ? 

What  is  the  effect  of  reflection  from  a  convex  mirror  ? 


*  See  a  paper  "Oiv  Doable  lma^e%  c«LU«e^Vjf  KXxEiQW^^i^'^jtSxMr- 
Hon,"  in  Phiiosophical  Tmnsaetlons  for  \Wi. 
f  Lectures  on  Xatoral  Ph\\o«oy1\y,  TcJl.  W.  ^Wi. 
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to  Ibe  Mtimted  Witliis  or  bekind  the  minor.  Thus  the  glolnilar 
hMeB  filled  wtlli  eoloured  liquids  in  a  chemist's  shop-wiadow 
{Aesenl  In  plessing  ▼aiiety  the  morinp  sddnery  of  the  street  with- 
mrt;  the  opper  hemisphere  of  each  home  exhibitinff  all  the  images 
inveited,  while  the  lower  displavs  a  doplicate  of  uiem  in  an  ereot 
positioR.  Hollow  spheres  ot  ^laas,  covered  on  their  interior  su» 
perfices  wi&  an  amaleam  similar  to  that  used  for  silTering  look* 
ing-glnsseS)  Bn»  someumes  suspended  in  apartments,  where  they 
present  p«noramic  pictures  of  surrounding  ol^ects;  and  conrex 
mirrorB  ate  conmon  alleles  of  ornamental  fumituie  exhibiting 
aaalogotts  phenomena.  ^ 

71.  Hm  imases  formed  by  reflection  from  a  convex  mirror  must 
ahmym  he  aaailer  than  the  objects  by  which  they  are  produced, 
boeaiMe  the  mys  which  form  them  become  convergent  in  their 
passage  to  Uie  eye  of  the  observer,  in  the  annexed  figure  let  A  B 
represent  a  convex  mirror,  the  segment  of  a  sphere,  whose  radius 

is  the  line  G  C ;  and  there^ 
fore  the  point  G  will  be  the 
centre  of  the  sphere,  and  the 
focus  of  the  mirror. 

79.  If  an  object  be  placed 
at  E,  at  a  great  distance  be* 
foie  the  mirror,  its  image 
will  appear  behind  the  mir- 
ror at  a  point  near  D,  which 
will  become  the  virtual  ib^ 
cus,  and  will  be  situated 
«jt  half  the  leng^  of  the  radius  of  the  sphere,  or  at  the  middle 
point  between  Uie  imaginary  focus  and  the  surface  of  the  mirror ; 
nnd  the  mBgnitude  of  tiie  imaffe  will  be  to  that  of  the  object  in 
the  ratio  of  the  line  C  D  to  C  E ;  that  is,  it  will  be  as  much 
smaller  than  the  object  as  the  line  O  D  is  shorter  than  the  line 
CE. 

73.  If,  therefore,  tiie  object  be  brought  nearer  to  the  surface  of 
the  mirror,  the  image  nlso  will  approach  to  meet  it,  and  become 
proportionally  enlarged ;  so  that  ii  a  part  of  any  object  be  brought 
into  contact  with  the  convex  surface  of  the  mirror,  the  image  of 
that  part  will  appear  of  precisely  the  same  sise  as  in  the  object 
itself:  but  unless  the  object  be  extremely  small,  or  the  mirror  be 
a  segment  of  a  very  large  sphere,  it  must  be  obvious  that  only  a 
smaU  poition  of  an  object  can  be  made  to  touch  the  mirror,  and 
hence  the  entire  image  must  ever  be  to  some  extent  inferior  in  size 
to  the  object  by  which  it  is  produced.    Not  only  will  the  rays 

How  may  bottles  of  liquid  and  polished  spheres  produce  double  images? 

What  relation  has  the  size  of  objeets  to  that  of  their  images  in  convex 
inirroa's  ?    Explain  the  diagram. 

How  far  from  the  centre  ofcnrvcUure  will  an  image  formed  b;^  parallel 
rays  of  light  falling  on  a  spherical  convex  mirror  appear  to  be  situated  ? 

WhMt  will  be  the  eSeet  of  bringing  the  object  neaxeT^vo  ^SeoiX  vvj\x&v) 
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falling  directly  on  the  mirror,  as  E  C,  be  reflected  so  as  to  fomi 
an  image  at  D,  bnt  so  likewise  will  anj  incident  ray  whatevari 
as  E  M,  which  will  be  reflected  in  the  direction  M  N,  so  that  the 
angle  B  M  N  will  be  equal  to  the  angle  C  M  £  ;*  and  when  the 
eye  is  at  N,  receiving  the  reflected  ray  M  N,  it  will  see  the  object 
E,  according  to  that  direction,  and  llie  image  will  appear  in  the 
mirror  at  D. 

74.  A  convex  mirror  by  reflection  converts  parallel  rays  into 
divergent  rays,  those  that  fall  on  it  in  diverging  lines  are  rendered 
still  more  divergent  when  reflected,  and  convergent  rays  are  re- 
flected either  parallel  or  less  convergent.    Suppose  then  an  object 

of  some  assignable  mag- 
nitude A  B,  as  repre- 
sented in  the  margin,  to 
be  placed  before  a  coa- 
vez  mirror  M  N,  tiie 
rays  of  light  proceeding 
from  each  part  of  it  will 
/it  be  reflected  as  if  from  a 

single  point,  and  an  imaffe  will  be  formed  as  before,  in  the  line 
drawn  from  each  extremity  of  the  object  to  the  imaginary  focus 
of  the  mirror  F ;  and  in  the  same  manner  from  other  points,  so  as 
to  form  a  complete  image  of  the  object.  And  this  image  must 
necessarily  appear  less  than  the  object  itself;  for  the  rays  which 
proceed  from  tbe  extremity  A  will  be  reflected  to  the  eye  as  if 
they  proceeded  from  the  point  a,  and  those  reflected  from  B  as  if 
from  the  point  b,  while  the  rays  from  the  parts  between  A  and  B 
will  be  reflected  from  intermediate  points ;  and  therefore  the  image 
must  appear  smaller  than  the  object,  by  which  it  is  produced. 

75.  An  object  reflected  from  a  convex  mirror  will  not  only  form 
an  image  diminished  in  proportion  but  also  defective  in  the  outline; 
for  the  virtual  focus  of  reflection  will  vary  for  different  parts  of 
the  same  figure ;  therefore  unless  the  object  be  relatively  very 
small,  or  the  curvature  of  the  mirror  very  considerable,  the  central 
portion  alone  of  the  object  will  yield  a  correct  image.  Such  at 
least  will  be  the  effect  unless  the  curvature  of  the  mirror  be  accu- 
rately formed,  and  expressly  adapted  to  the  purpose.  The  human 
eyeball  constitutes  an  admirable  convex  mirror,  reflecting  minia- 

How  mftv  we  conceive  the  incident  rays  on  a  convex  mirror  to  be  af- 
fected by  an  imaginary  tangent  plane  at  the  point  of  incidence  ? 

How  will  the  rays  reflected  by  a  convex  mirror  be  found  io  the  three 
cases^  where  they  are  respectively  pw^allel,  divergent  and  convergerU  be- 
fore incidence? 

Explain  this  by  a  diagram. 


•  Every  ray  falling  obliquely  on  the  surface  of  a  convex  mirror  msy 
be  regarded  as  impinging  on  a  point  which  forms  part  of  a  plane  tangen- 
tial to  the  curved  surface  of  the  mirror ;  and  a  line  drawn  perpendicuUr 
to  such  tangential  plane  will  bisect  the  angle  formed  by  the  incident  and 
the  reflected  ray,  as  is  shown  by  tVve  doXXi&d  V\xve%  in  the  preceding  dia- 


SINGULAR  EFFECT  OF   A   CHINESE   MIRROR.  85T 

tiire^  imagfis,  the  delicacy  aad  beaaty  of  which  have  repeatedly 
furnished  topics  of  poetical  allusion  and  metaphor.  Here  we 
perceive  a  striking  instance  of  the  vast  superiority  of  the  works 
of  nature  over  those  of  art. 

76.  A  convex  reflecting  surface  of  variable  curvature  may  afford 
many  ludicrous  caricatures  of  the  human  figure,  or  of  that  of  any 
other  animal,  especially  if  the  object  be  brought  very  near  the 
mirror.  That  part  of  the  surfece  which  is  most  protuberant  will 
exhibit  a  comjmratively  diminished  image,  and  the  effect  will  be 
heightened  by  alternately  advancing  and  withdrawing  different 
parts  of  the  person,  and  thus  the  disproportion  between  the  head 
and  the  body  or  lower  limbs  may  be  rendered  more  remarkable. 
For  if  the  head  and  trunk  be  thrown  backward,  while  standing 
near  the  mirror,  the  image  will  display  a  diminutive  head  and 
body  supported  by  preposterously  swelled  and  gouty  legs ;  and 
on  the  contrary,  if  stanmng  more  backward,  the  body  be  bent  with 
the  head  stretched  out  towards  the  mirror,  it  will  present  a  mon- 
strous bloated  figure  with  a  dropsical  head  and  body  perched  on 
spindle  shanks. 

77.  Sir  David  Brewster  has  published,  in  the  Philosophical 
Magazine,  an  account  of  a  curious  convex  metallic  mirror,  recently 
brought  from  China  to  Calcutta,  the  general  appearance  and  effect 
of  which  b  thus  described:  ''This  mirror  has  a  circular  form, 
and  is  about  5  inches  in  diameter.  It  has  a  knob  in  the  centre  of 
the  back,  by  which  it  can  be  held,  and  on  the  rest  of  the  back 
are  stamped,  in  relief^  certain  circles  with  a  kind  of  Grecian  bor- 
der. Its  polished  &oe  has  that  degree  of  convexity  which  gives 
an  image  of  the  &ce  half  its  natural  size ;  and  its  remarkable  pro- 
perty is,  that  token  you  reflect  the  rays  of  the  sun  from  the  polished 
Mu/aee^  the  image  of  the  ornamental  harder  and  circles ^  stamped  upon 
the  baick^  it  seen  distinetly  reflected  upon  the  waUJ^^  Mr.  Swinton, 
the  gendeman  who  transmitted  from  the  East  Indies  the  preceding 
statement  of  this  apparent  reflection  of  figures  through  an  opaque 
substance,  proposed  a  conjectural  explanation  of  the  strange  phe- 
nomenea,  as  depending  on  the  difference  of  density  in  different  parts 
of  the  metal,  occasioned  by  the  stamping  of  the  figures  on  the 
back,  the  light  being  reflected  more  or  less  strongly  from  parts 
that  have  been  more  or  less  compressed. 

78.  But  Sir  D«  Brewster,  judging  from  the  description,  which 
alone  had  been  transmitted  to  mm,  infers  that  *'  the  spectrum  in 
the  luminous  axea  is  not  an  image  of  the  figures  on  the  back ;  but 
that  the  figures  are  a  copy  of  the  picture  which  the  artist  has 
drawn  on  me  surface  of  the  mirror^  and  so  concealed  by  polishing, 
(hat  it  is  invisible  in  ordinary  lights,  and  can  be  brought  out  only 
in  the  sun's  rays.^     He  had  observed  radiated  lines  and  concen- 

What  defect  has  an  imajg^  reflected  by  a  convex  mirror  ? 
What  natural  convex  mirror  surpasses  those  produced  by  art } 
What  effect  is  obtained  by  convex  surfaces  of  variable  curvature  ? 
How  may  the  image  of  the  person  be  caricatured  by  such  an  apparatus? 
What  description  Bad  explanation  are  |;iven  of  ihe  CVuw^^^  itvwvov  NtV^ 
£lj;uredhisfii^/ 
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trie  circles  to  be  similarly  reflected  by  the  liffht  of  the  son  from  po- 
lished steel  buttons,  which  having  been  finished  in  a  tuming-latne, 
the  lines  and  rings  had  been  formed  on  their  surfaces  by  the  ac- 
tion of  the  polishing  powder  or  some  similar  cause,  but  too  faintly 
to  be  visible  except  m  the  strongest  light.  Thus  the  figures  on  the 
back  of  the  Chinese  mirror  were  doubtless  placed  there  merely  to 
mislead  the  observer  into  a  belief  that  he  beheld  them  reflected 
through  the  metal,  while  he  actually  viewed  the  reflection  of  a 
duplicate  of  those  figures  lightly  traced  and  concealed  by  the 
polish  on  the  front  surface. 

RefleeUon  from  Coneane  Surfaces, ' 

79.  Concave  mirrors  exhibit  a  variety  of  phenomena  depending 
on  the  situation  of  the  object  with  respect  to  the  mirror  and  to  the 
observer,  some  of  which  are  highly  curious  and  interesting.  *'  The 
concave  mirror,"  says  Sir  David  Brewster,  "  is  the  staple  instru- 
ment of  the  magician's  cabinet,  and  must  always  perform  a  prin- 
cipal part  in  all  optical  combinations."*  Some  of  the  most  ex- 
traordinary optical  efiects  in  nature  are  also  produced  by  reflection 
from  concave  surfaces,  the  properties  of  which  therefore  demand 
investigation. 

80.  The  manner  in  which  light  is  reflected  from  concave  mirrors 
may  be  thus  explained :  let  A  C  B,  in  the  marginal  figure,  repre- 
sent a  mirror^  forming  a 
part  of  a  sphere  whose 

-s  centre  is  G,  and  G  C,  a 
radius;  and  suppose  E 
to  be  an  object  far  distant 
from  the  mirror,  then  its 
image  will  appear  in 
front  of  the  mirror  at  D, 
the  central  point  of  the 
radial  line  C  G.  For  any  ray  of  light  whatever,  as  E  M,  from 
the  object  E,  falling  on  the  surface  of  the  mirror  at  the  point  M, 
will  be  reflected  thence  in  such  a  manner  as  to  pass  through  the 
point  D ;  and  when  the  eye  is  placed  at  N,  the  object  will  be  seen 
at  or  near  D ;  but  this  image  will  be  to  the  object  in  the  ratio  of 
CJ  D  to  M  E,  and  consequently  less  than  the  object.  If  the  ob- 
ject be  made  to  approach  nearer  to  the  mirror,  the  image  will  re- 
cede from  D  towards  G ;  and  if  it  be  placed  there,  the  object  and 
image  will  coincide ;  and  the  object  still  advancing  from  G,  the 

In  what  manner  does  Brewster  suppose  the  effect  to  have  been  pro- 
duced in  that  instmment  ? 

How  had  Swinton  previously  explained  it  ? 

On  what  does  the  variety  of  appearances  exhibited  by  the  concave  mir- 
ror depend  ? 

Draw  and  explain  a  diagram  by  showing  the  manaer  in  which  light  is 
redeeteO  by  a  concave  mirror. 

*  lietters  on  1$&tnT«i\  M.«i^\«,  "^^  ^\, 
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OLge  will  retreat  beyond  it,  till  the  object  arriyefl  at  D,  when  the 
la^e  will  appear  infinitely  beyond  £ .  But  if  the  object  be  placed 
»t  rarther  forward,  between  D  and  C,  the  image  will  fall  behind 
e  mirror,  and  it  will  look  larger  than  the  object. 

81.  Thas  it  appears  that  when  parallel  rays  fall  on  the  surface 
*  a  concave  mirror  forming  a  portion  of  a  sphere,  they  will  be 
tflected  and  meet  in  a  point  at  half  the  distance  between  the  sur- 
ee  and  the  centre  of  concavity  of  the  mirror.  If  the  rays  fall 
mrergent  on  a  concave  mirror,  they  will  be  brought  to  a  focus 
>oner  than  parallel  rays ;  and  the  focus  will  be  nearer  to  the  sur- 
tee  of  the  mirror  than  to  the  centre  of  concavity.  When  the 
lys  fall  in  divergent  lines,  the  focus  to  which  they  will  be  re- 
acted will  be  more  distant  than  that  formed  by  parallel  rays. 

82.  There  are  three  cases  to  be  considered  with  regard  to  the 
Gfects  of  concave  mirrors : 

1.  When  the  object  is  placed  between  the  mirror  and  the  prin- 
ipal  focus. 
8.  When  it  is  situated  between  its  centre  of  concavity  and  that 

DCUS. 

3.  When  it  is  more  remote  than  the  centre  of  concavity. 

83.  1.  In  the  first  case,  the  rays  of  light  diverging  after  reflec- 
bii,  but  in  a  less  degree  than  before  such  reflection  took  place, 
he  image  will  be  larger  than  the  object,  and  appear  at  a  greater 
r  smaller  distance  from  the  surface  of  the  mirror,  and  behind  it. 
The  image  in  this  case  will  be  erect. 

84.  2.  When  the  object  is  between  the  principal  focus  and  the 
entre  of  the  mirror,  the  apparent  image  will  be  behind  the  object, 
ppearing  very  distant  when  the  object  is  at  or  just  beyond  the 
ocus,  and  advancing  towards  it  as  it  recedes  towards  the  centre 
f  concavitjT,  where,  as  already  stated,  the  image  and  the  object 
nl\  coincide.  During  this  retreat  of  the  object,  the  ima^  will 
till  be  erect,  because  the  rays  belonging  to  each  visible  point  will 
lot  intersect  before  they  reach  the  eye.  But  in  this  case,  the 
mage  becomes  less  and  less  distinct,  at  the  same  time  that  the 
isual  angle  is  increasing ;  so  that  at  the  centre,  or  rather  a  little 
»efore,  the  image  becomes  confused  and  imperfect ;  owing  to  the 
mall  parts  of  the  object  subtending  angles  too  large  for  distinct 

What  results  in  this  case  from  the  gradual  approach  of  the  objects  t^ 
rands  the  snrface  of  the  miiror  ? 

What  relation  exists  between  the  focal  distance  of  parallel  rajrs  from  a 
oncave  mirror  and  that  of  its  centre  of  concavity  ? 

Will  convergent  rays  meet  nearer  to  or  further  from  the  concave  mimnr 
han  parallel  ones  ? 

How  will  the  comparative  distances  of  the  foci  of  parallel  and  diver- 
jent  rays  be  found  ? 

State  the  three  eases  of  parallel  and  divergent  rays. 

What  will  be  the  relative  size  and  distance  of  the  object  and  th« 
mage  in  the  first  case  ? 

Will  the  image  be  erect  or  inverted  ? 

What  will  be  the  distance,  positive  and  relati?«  size  oC  \bft  \ioa.^^\^ 
Jie  second  case  ? 
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yision,  just  as  happens  when  objects  are  viewed  too  near  with  the 
naked  eye. 

85.  3.  In  the  cases  just  considered,  the  images  will  appear 
erect ;  but  in  the  case  where  the  object  is  further  from  the  mirror 
than  its  centre  of  concavity,  the  image  will  be  inverted;  and  the 
more  distant  the  object  is  from  the  centre,  the  less  will  be  its 
image,  and  the  further  from  the  said  centre,  or  the  nearer  the  focus, 
and  the  converse ;  the  image  and  object  coinciding  when  the  latter 

-is  stationed  exactly  at  the  centre,  as  noticed  in  the  precedinff  case. 

86.  If  an  observer  view  hi^  own  image  at  a  considerable  dis- 
tance beyond  the  centre  of  a  concave  mirror,  the  image  will  ap- 
pear snudl,  faint,  and  somewhat  confused.  This  is  owing  to  the 
smallness  of  the  number  of  rays  that  can  enter  the  eye;  hence 
the  apparent  distance  is  augmented  or  rendered  uncertain,  so  that 
the  image  is  conceived  to  be  beyond  or  within  the  mirror,  and  this 
misconception  increases  the  confusion.  As  the  observer  advances 
towards  the  mirror,  his  image  will  gradually  appear  larger  and 
brighter,  and  likewise  draw  nearer  to  him ;  but  if  he  do  not  view  it 
between  himself  and  the  mirror,  it  will  continue  still  indistinct.  At 
length  he  will  arrive  at  the  station  whence  the  ima|re  assumes  a  de- 
terminate and  correct  figure,  appearing  peifectly  distinct.  After  a 
few'  trials,  the  true  place  for  viewing  the  image  may  be  ascertained 
with  tolerable  accuracy ;  and  it  will  continue  distinctly  perceptible 
when  the  observer  moves  a  short  distance  backMrards  or  forwards 
from  the  proper  position  :  but  advancing  beyond  it,  the  image  will 
soon  begin  to  appear  indistinct,  and  this  indistinctness  will  in- 
crease till  he  arrives  so  near  the  mirror  as  its  centre  of  concavity, 
where  the  image  will  be  lost  in  confusion.  If  he  still  advances, 
another  image  in  an  upright  position  gradually  becomes  visible, 
as  explained  in  the  preening  case. 

87.  The  most  singular  and  curious  effects  of  concave  mirrors 
are  those  resulting  Irom  the  position  of  objects  ^t  a  greater  dis- 
tance from  the  mirror  than  its  centre  of  concavity,  as  in  the  third 
case  above  described,  when  a  diminished  and  inverted  image  will 
be  formed  in  the  air  between  the  object  and  the  mirror.  In  order 
that  this  may  be  seen  to  the  utmost  advantage,  particular  situa- 
tions must  be  assigned  both  to  the  object  and  the  observer,  which 
will  be  regulated  by  the  concavity  of  the  mirror  and  its  consequent 
focal  distance.  For  the  exhibition  of  such  phenomena,  however, 
spherical  concave  mirrors  are  not  so  well  adapted  as  those  of  an 
elliptical  figure,  for  the  latter  having  double  foci,  any  object  placed 
in  one  focus  of  an  elliptic  concave  mirror  will  form  an  accurate 
image  in  the  other  focus. 

How  will  these  three  things  be  found  related  to  each  other  in  the  third 
case  ? 

_Why  is  the  image  of  a  distant  observer  seen  indistinctly  in  a  concave 
roiiTor  ? 

Which  case  of  reflection  by  concave  mirrors  produces  the  most  inter- 
esting  phenomena  > 

What  form  of  <»oneav\iy  on^t  \ke  m\Tt«(r% \.o  ^Qtem» ^qk  '^'^  ^s^sS^Scofin. 
of  these  phenomena  ? 
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Rgare  exhibits  a  « 
renient  modo  of  v 
rangement  for  pro- 
ducing optical  imagea 
in  tha  air  hj  meau 
of  a  sin^e  mirror- 
Suppose  C  D   to  be 

a  Bcreen  dividing  one 
part  of  the  room  &om 
another,  aod  baring 
fa  itasqoaie  ^)eitiire  E  F,the  centre  of  which  majbe  about  five 
bet  above  the  floor.  This  opening  may  be  Horrounded  with  a 
Uack  border,  or  a  gilt  moulding,  so  as  to  resemble  a  picture-liBme. 
A  lar^  eoaeavB  (elliptica]}  mirror,  M  N,  is  then  to  be  placed  io 
■n  sdjoiDiDg  apartment,  ho  that  when  any  object  b  placed  at  A, 
in  one  focus  of^the  mirror,  a  diatlnct  image  of  iC  xoay  be  formed  in 
the  other  foeua  at  B,  or  in  the  centre  of  the  ffperture  E  F.  Thia 
Im^e  will  be  iuverted  with  respect  to  the  position  of  the  object  t 
therefore  if  a  Bmall  statue,  bust,  or  plaater  cast  of  any  object  be 

EIac«d  upside  down  at  A,  an  observer  in  the  apartment  at  O  will 
ehold  an  erect  image  of  the  object  at  B.  In  order  to  give  the 
K eater  effect  to  this  eibibition,  tiie  object  should  be  white,  or  at 
ist  of  a  very  bright  colour,  and  should  be  strongly  illuminated 
by  a  powerful  lamp,  the  rajs  of  which  must  be  prerentad  from 
reacbii^  the  opening  E  F. 

89.  In  this  ease,  the  image  being  formed,  not  in  the  single  fo- 
caaof  a  spherical  coneave  mirror,  but  in  oneof  the  foci  of  an  ellip- 
tical mirror,  it  will  not  be  confused  or  reduced;  but  wilt  be  rather 
.arger  than  the  object.  When  the  image  appears  in  the  air,  as 
here  described,  it  will  be  distinctly  visible  only  from  the  point 
O,  and  a  person  placed  at  a  little  distance,  on  eiuier  side,  will  see 
■otfaing  of  iL  If,  however,  the  opening  G  F  be  filled  witbamolie, 
lieirvg  from  burning  frankincense  or  other  perfomes,  the  cloudv 
Tapoar  will  serve  as  a  screen  to  receive  the  reflected  imase,  which 
may  thus  be  rendered  generally  visible  to  persons  within  the 


90.  Among  the  natural  phenomena  which  appear  to  be  caused 
bj  reflection  from  concave  suriacea  may  be  mentioned  what  is 
called  in  Gemianj  the  "  Spectre  of  the  Brooken,"  a  eigantic  firara 
■ometimes  seen  at  a  distance  upon  the  highest  pe^  of  the  Harx 
Mountains,  in  the  kingdom  of  Hanover,  ft  has  been  ascertained, 
from  careful  observation,  that  the  fignre  is  a  reflected  spectrum  o> 


DeacHbe  the  amngementef  apparatuifor 
Will  the  imagei  in  ihii  mk  be  dir«t  or  i 
What  will  be  the  >ixe  and  pnulioa  of  the 

of  the  ol^jcol  ? 

Ho*  ara  nflutliiDi  IVom  Mmeave  Mir&Mi 

tra  of  the  BrMkea ' 


>ihi biting  I 


iih  regard  to  thow 
to  explain  the  tpta. 


SOS  OPTICS. 

the  observer,  such  as  might  be  produced  in  certain  situations  by 
means  of  a  concave  mirror.  A  singular  instance  of  atmospheric 
refleOtion,  as  observed  in  Sicily,  from  Mount  Etna,  has  been  no- 
ticed by  a  modem  traveller.  He  says,  '^  At  the  extremity  of  the 
vast  shadow  which-  Etna  projects  across  the  island,  appeared  a 
perfect  and  distinct  image  of  the  mountain  itself,  elevated  above 
the  horizon,  and  diminished,  as  if  viewed  in  a  concave  mirror."* 
91.  Various  forms  may  be  given  to  mirrors  besides  those'  already 
described,  and  thus  various  modifications  of  the  reflected  images 
may  be  produced.  Cylindrical,  conical,  prramidical  and  prismatic 
miirors  are  sometimes  constructed,  but  tney  merely  serve  the  pur- 
pose of  creating  amusement,  by  the  sfngularity  of  the  efiects 
which  may  be  exhibited  by  means  of  such  instruments.  A  com- 
mon method  of  displaying  these  optical  phenomena  consists  in  the 
rectification  of  distorted  fi^iires  (drawn  for  the  purpose,)  by  re- 
flection from  certain  mirrors.  These  exhibitions  are  termed  Ana- 
morphoses ;f  and  the  rules  for  delineating  deformed  fifirures  to  suit 
the  different  kinds  of  mirrors,  with  directions  for  their  proper  ar- 
rangement, may  be  found  in  several  works  relating  to  optical  in- 
struments and  phenomena.^ 
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93.  Rays  of  light  in  passing  to  any  distance  through  a  medium 
of  uniform  density  will  proceed  in  right  lines ;  but  if  a  ray  or  pen- 
cil of  rays  be  made  to  pass  from  one  transparent  medium  to  ano- 
ther, as  from  air  into  water  or  glass,  its  direction  will  be  chauiged 
at  the  surface  of  the  new  medium,  and  it  will  afterwards  proceed 
in  a  line  varying  more  or  less  from  that  in  which  it  passed  through 
the  air.  Hence  a  ray  is  said  to  be  refracted  or  bent,  in  conse- 
quence of  its  transit  i^om  one  medium  to  another ;  the  effect  pro- 
duced is  termed  refraction  of  light;  and  the  laws  by  which  the 

To  what  use  have  cylindrical  mirrors  been  chiefly  applied  ? 

By  what  name  are  tlie  changes  of  figure  produced  by  curved  miirors 
designated  ? 

What  difference  exists  between  the  course  of  a  ray  of  light  while  tra- 
versing a  Krat/brm,  and  that  which  occurs  while  passing  through  ti  variable 
medium  ? 

What  is  meant  by  refraction  of  light  ? 

To  what  division  of  optics  does  this  effect  give  rise  ? 

'^  Travels  in  Sicily,  Greece,  and  Albania.  By  the  Rev.  T.  S.  Hughes, 
1830.  -o 

t  From  the  Greek  preposition  Av«,  and  Moc(p»ris,  an  appearance  :  i.  e^ 
a  reversed  exhibition. 
/  y.  Schotti  Magia  Universalis,  p.  i.  lib.  3. ;  P.  Dubreuil  Perspective 
Pratique,  U  iii.  Trait.  5,  6,7  •,W\e|iWv%'i^%texT%\M%!|g»,  ^German) ;  and 
Huttou *a  Aeoreations  in  Nat.  PVxW.  \o\.  u\. 
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phenomena  are  regulated  coBStitate  the  science,  or  branch  of  sci- 
ence, called  Dioptrics.* 

93.  The  effect  just  described  may  be  easily  subjected  to  obser- 
Tation,  by  laying  a  piece  of  money  near  the  centre  of  the  bottom 
of  a  china  bowl,  or  basin,  placed  on  a  table  or  on  the  floor,  and 
then  retreating  backward  till  the  money  is  no  longer  visible,  being 
hidden  from  the  eye  by  the  side  of  the  bowl :  if  then  water  be 
poared  into  the  vessel,  the  piece  of  money  will  become  visible,  just 
as  if  the  bottom  of  the  basin  was  raised  above  its  real  level.  As 
this  experiment  may  bo^-adily  repeated,  and  affords  a  convincing 
proof  of  the  position  abive  stated,  it  may  be  proper  to  observe  that 
the  money,  or  any  other  flat  object  which  wilt  equally  well  answer 
the  purpose,  should  be  fastened  to  the  bottom  of  the  basin  with 
sealingwax,  that  it  may  not  be  moved  from  its  place  when  the 
water  is  poured  on  it,  and  that  the  vessel  must  be  filled  to  a  cer- 
tain height  before  the  object  can  be  seen. 

94.  'Ine  refraction  of  light  may  be  exhibited  more  simply  by 
plunging  a  straight  cane  or  long  ruler  obliquely  into  a  pond  or 
a  bucket  of  water,  when  it  will  appear  bent  at  the  surface  of  the 
water ;  that  part  of  the  cane  held  by  the  hand  in  the  air  appearing 
to  be  joined  at  an  obtuse  angle  to  Uie  part  under  water. 

95.  There  is,  however,  one  case  in  which  rays  of  light,  in  their 
passage  from  one  medium  to  another  of  different  density,  will  pro- 
ceed without  changing  their  direction ;  and  that  is  when  their  di- 
rection is  perpencucmar  to  the  connecting  surfaces  of  the  two 
mediums.  Thus,  if  the  eye  be  placed  vertically  above  a  piece  of 
money  in  a  basin,  it  will  be  seen  in  the  same  vertical  line  whether 
the  basin  be  emp^  or  filled  with  water;  and  for  the  same  reason 
a  straight  stick  held  perpendicularly  in  water  will  not  assume  the 
bent  fiffure  which  ma^  be  remarked  when  it  is  held  obliquely. 

96.  If,  from  the  point  where  a  ray  of  li^ht  passes  from  one  me- 
dium through  the  sur^e  of  another  medium,  we  conceive  a  line 
to  be  drawn  perpendicular  to  that  surface,  and  prolonged  indefi- 
nitely beyona  it,  the  ray  afier  refraction  will  either  approach  the 
perpendicular  more  than  before  refraction,  or  recede  further  from 
It  than  before.  If  the  medium  which  the  ray  enters  be  more  dense 
than  that  which  it  quits,  it  will  approach  the  perpendicular ;  but 
if  the  second  medium  be  rarer  than  the  first,  the  contfary  effect 
will  take  place,  and  the  ray  will  recede  from  the  perpendicular. 

What  timple  expenment  illustrates  the  effect  of  refraction  ? 

What  precaation  is  irequired  to  insure  its  success  ? 

Whv  (Toes  a  stick  appear  bent  when  plunged  obliquely  into  the  water  f 

Under  what  condition  does  change  of  density  in  the  medium  produce 
DO  change  of  direction  ? 

What  course  will  the  incident  and  the  refracted  rays  respectively  take 
with  reference  to  a  perpendicular  to  the  refracting  surface  ? 

Distinguish  the  case  where  the  ray  enters  a  rarer  from  that  in  which  it 
enters  a  denser  medium. 

•  From  the  Greek  Zkie^TOiu»t,to  see  through ;  or  £mxTf*,B.  mathemati- 
eal  iostrameut  for  measuring  heights. 
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97.  These  efiects  may  be  il 
by  means  of  the  mai^ginal  fiflrure.  Sip* 
pose  O  to  be  the  point  at  ^iwch  the  lu- 
minous ray  passes  from  one  medium  to 
another,  and  that  the  two  are  separated 
ij)  by  the  line  B  D,  Tepiesenting  any  sm^ 
face  either  plane,  concave,  or  eonvez; 
suppose  the  medium  above  B  D  to  be 
more  rare  than  that  below  it,  and  let 
H  O  represent  the  incident  ray,  and  0  G 
the  refracted  rar,  and  draw  through  the 
point  Oj^  F  perpendicular  to  the  plane  B  D;  then  if  the  ray  H  0 
had  preserved  its  direction  after  passing  the  plane,  tiie  angles 
HOI  and  F  O  C  must  have  been  equal ;  but  ttie  latter  is  move 
acute  than  the  former,  because  the  line  of  refraction  O  C  ap- 

? roaches  more  to  the  perpendicular  I  F  than  the  line  of  IncideDce 
I O.  On  the  contrary,  if  the  medium  below  B  D  had  been  rarer 
than  that  above  it,  the  ray  would  have  been  less  refracted  than 
before,  and  would  consequently  have  diverged  further  from  the 
perpendicular  I  F  than  the  ray  H  O  does,  and  would  therefore 
have  formed  an  angle  F  O  A  more  obtuse  than  HOI.  From  the 
point  O  as  a  centre  describe  the  circle  I D  F  B,  cutting  the  diree- 
tions  of  the  incident  and  the  refracted  ray  in  the  points  H  and  C; 
from  those  points  draw  the  lines  H  N  and  C  R  perpendicular  to 
I F,  which  lines  will  be  the  sines  of  the  angles  HOI  and  F  O  C. 

98.  It  has  been  ascertained  from  numerous  observations  that 
these  lines  are  always  in  the  same  ratio,  whatever  be  the  angle  of 
incidence  at  which  the  ray  falls,  provided  the  mediums  through 
which  it  passes  remain  the  same ;  for  though  there  is  no  fixed  re- 
lation between  the  angle  of  incidence  and  the  angle  of  refraction, 
there  is  always  a  certain  proportion  between  the  sines  of  those 
angles.  H  N  is  called  the  sine  of  the  angle  of  incidence,  and 
C  K  the  sine  of  the  angle  of  refraction. 

99.  When  a  ray  passes  from  air  into  glass,  the  sine  of  its  angle 
of  incidence  will  be  to  that  of  the  angle  of  refraction,  in  the  ratio 
of  3  to  2 ;  if  it  passes  from  air  into  water,  the  ratio  of  the  sines 
will  be  as  4  to  3 ;  but  these  ratios  will  be  inverted  when  light 
passes  from  ^lass  or  water  into  air ;  for  in  the  former  case  the 
ratio  of  the  sme^s  will  be  as  2  to  3,  and  in  the  latter  as  3  to  4. 
These  ratios,  as  just  noticed,  are  constant,  whatever  be  the  angle 
of  incidence,  for  the  respective  mediums.  But  they  differ  con- 
siderably for  different  substances ;  and  the  refractive  powers  of  a 

Draw  and  explain  the  diagram  relating  to  refraction. 
To  what  trigonometrical  lines  are  the  refractive  powers  of  bodies  com- 
parable ? 

What  line  on  jour  diagram  is  the  mie  of  the  angle  of  incidence  ? 
Which  is  the  sine  of  the  angle  of  refraction  ? 

What  relation  will  exist  between  these  two  sines  when  light  passes  from 
air  into  glass  ?    from  air  into  water  ? 

Whui  will  be  their  ratio  when  light  passes  from  glasi  and  from  water 
i'e«pec(ivelT  into  air  ? 
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Qoosiderable  number  of  bodies  have  been  ascertained  by  experi- 
ment.* 

100.  No  general  principle  has  been  discovered  which  connects 
the  refractiye  power  of  bodies  with  their  other  physical  properties ; 
^oiiffh  it  is  usually  highest  in  the  densest  transpsurent  substances, 
and  in  such  as  are  of  an  inflammable  nature.  Sir  Isaac  Newton 
hayingr  observed  that  several  inflammable  bodies  possessed  high 
xefiracting  powers,  and  noticing  a  similar  property  in  the  diamond, 
ingeniously  conjectured  that  gem  to  be  an  inflammable  substance, 
long  before  its  composition  was  known;  and  analysis  has  verified 
his  idea,  and  shown  it  to  consist  of  crystallized  carbon. 
.  101.  As  the  effect  of  any  transparent  medium,  in  the  refraction 
of  light,  generally  increases  with  increase  of  density,  so  air  and 
vapours  when  dense  display  greater  power  of  refraction  than  when 
comparatively  rare ;  and  hence  some  curious  and  important  phe- 
nomena depend  on  atmospheric  refraction. 

102.  Liffht,  on  entering  the  atmosphere  of  the  earth,  encounters 
a  medium  less  rare  than  the  more  ethereal  space  beyond  it,  and  as 
the  lower  portion  of  the  atmosphere  is  relatively  the  densest,  rays 
passing  through  the  air  from  objects  far  above  us  must  be  con- 
siderably refracted.  From  this  cause  the  sun  and  other  celestial 
bodies  are  never  seen  in  their  true  situations,  unless  they  happen 
to  be  vertical ;  and  the  nearer  they  are  to  the  horizon,  the  greater 
will  be  the  influence  of  refraction  in  altering  the  apparent  place 
of  any  of  those  luminaries. 


What  relation  have  the  refracting  powers  to  the  other  physical  proper- 
ties of  bodies  ? 

What  effect  on  refracting  power  has  the  Increase  of  density  ? 
•  What  atmospheric  phenomena  depend  on  this  refractive  influence? 

Explain  by  diagram  the  effect  of  refraction  on  the  apparent  place  of  the 
heavenly  bodies. 

•  The  quotient  found  by  dividing  the  sine  of  incidence  by  the  sine  of 
refraction  is  called,  by  optical  writers,  the  index  of  refraction;  and,  as 
stated  in  the  text,  different  bodies  having  different  refractive  powers  will 
present  different  indices.  The  following  are  a  few  of  the  substances  of 
which  these  indices  have  been  experimentally  determined  : 


Diamond  .  .  2.439 
Melted  sulphur  .  2.148 
Glass,  2  lead,  1  flint,  1.830 
Oil  of  Cassia  .  1-641 
Quartz  .        .     l.^iS 


Amber  .  .  1.547 
Oil  of  Turpentine  1.475 
Olive  Oil  .  .  1.470 
Alum  .        .     1.457 

Alcohol       .        .    \^74\ 

2h2 


Water  . 

1.336 

Tee 

1.309 

Ether    . 

1.057 

Air 

V.QlQ(QAf^«^ 

\3L\k, 

800       ^  OPTICS. 

103.  Thus  a  spectator  at  A,  in  the  annexed  toire,  wonld  see 
the  son  rise  at  C,  when  its  real  situation  was  at  S ;  and  so  its  vp' 
parent  place  would  be  relatively  altered  till  it  arrived  at  the  zenith 
vertically  above  the  point  A ;  but  it  can  be  so  situated  only  with 
respect  to  observers  under  the  equator,  or  at  least  in  the  torrid  aone. 
In  consequence  of  this  atmospheric  refraction  the  sun  sheds  his 
light  on  us  earlier  in  the  morning  and  later  in  the  evening  than  we 
should  otherwise  perceive  it.  And  when  the  sun  is  actually  be- 
low the  horizon,  those  rays  which  would  else  be  dissipated  thronsh 
space  are  refracted  by  the  atmosphere  towards  the  surface  of  wb 
earth,  causing  twilight.  The  greater  the  density  of  the  air,  the 
higher  is  its  refractive  power,  and  consequehtly  the  longer  the  du- 
ration of  twiliffht. 

104.  In  cold  climates,  as  near  the  poles,  where  the  year  is 
naturally  divided  into  seasons  of  light  and  darkness,  each  lasting 
six  months,  the  twiligrht  of  the  circumpolar  atmosphere  diminishes 
the  winter-night  of  mose  gloomy  regions  by  a  period  equal  to 
several  days.  Hence  also  terrestrial  objects,  viewed  at  a  great 
distance,  are  afiected  by  atmospheric  refraction ;  and  they  there- 
fore appear  more  elevated  and  nearer  to  the  observer  thsm  they 
would  if  seen  through  a  medium  of  uniform  density. 

105.  Those  optical  phenomena  depending  on  refraction,  with 
which  we  are  most  familiarly  acquainted,  are  such  as  are  produced 
by  the  passage  of  rays  of  light  from  any  medium,  as  air  or  water, 
into  another  more  or  less  dense,  and  their  entering  again  the  for- 
mer medium  afler  they  have  traversed  the  more  or  less  refracting 
medium.  Thus  objects  seen  through  a  conmion  reading-slass  or 
a  pair  of  spectacles,  if  observed  at  certain  distances,  will  be  in 
some  degree  magnified ;  and  glasses  used  by  short-sighted  per- 
sons have  the  enect  of  reducing  the  size  of  objects  seen  throu?h 
them.  And  when  any  transparent  substance  is  held  between  the 
eye  and  any  object,  the  rays  which  render  that  object  visible  will 
be  refracted  in  their  passage  from  the  air  through  the  transparent 
substance,  into  the  air  again,  before  they  reach  the  eye ;  and  the 
effect  produced  will  depend  on  the  refractive  power  of  that  sub- 
stance, and  the  figure  of  its  surfaces. 

106.  The  most  simple  case  of  this  na- 
ture is  when  the  denser  or  more  refract- 
ing substance  is  terminated  by  plane  sur- 
faces parallel  to  each  other.  Suppose 
A  B  to  be  a  section  of  a  plate  of  polished 

flass,  terminated  by  parallel  surfaces 
t,  on  which  falls  obliquely  the  ray 
D  C  at  the  point  C,  it  will  be  refract- 
ed on  entering  the  glass,  and  its  direc- 

How  is  the  duration  of  twilight  affected  by  the  density  of  the  air  ? 
IVhat  benefit  do  the  polar  regions  derive  from  the  refractive  power  of 
Mir  ? 

What  effect  on  the  apparent  \iot\tAOti  oC  cft>^««ftA>v(v  ^\A  wosWA^^t  ^9mi 
vrth,  U  produeed  by  retraction  ? 
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lion  will  be  changed  so  as  to  approach  nearer  to  a  perpen* 
dieular  to  the  plane  of  the  ^lass,  passing  through  it  in  the  line  C  e ; 
tat  on  emercing  at  e  it  will  be  again  refracted  in  the  contrary 
ftrection,  and  will  proceed  in  the  line  e  d,  parallel  to  D  C  d^. 
Thus  rays  being  restored  to  their  former  direction  alter  being  re- 
fracted through  plates  of  glass,  or  other  transparent  bodies  with 
parallel  surfaces,  the  effect  is  not  perceptible ;  and  hence  the  forms 
and  situations  of  objects  are  not  affected  by  viewing  them  through 
the  panes  of  a  glass  window. 

107.  When  ue  plane  surfaces  of  a  transparent  substance  are 
not  parallel  to  each  other,  different  effects  will  be  produced.    Let 

X  represent  a  section  of  a  medium  aenser  than  that 
surrounding  it,  and  terminated  by  inclined  planes, 
across  which  pass  rays  of  light,  from  the  point  O. 
Tlien  the  ray  O  b  will  be  refracted  in  the  oirection 
b  V^  and  after  emerging,  it  will  pass  in  the  line  V o\ 
another  ray  O  a,  from  the  same  luminous  point  O, 
will  in  the  same  manner  be  refracted  from  a  to  of ^ 
and  meet  the  former  ray  in  the  point  o.  If  an  eye 
be  supposed  to  be  placed  at  o,  the  luminous  point  O 
will  be  doubled ;  one  image  being  formed  by  rays 
O  passing  through  the  surface  6,  and  another  by  those 

passing  through  the  surface  a, 

108.  If,  instead  of  a  and  b  only,  there  were  three,  four,  or  any 
sreater  number  of  plane  surfaces,  the  eye  at  o  would  perceive  a 
light  or  other  object  at  O,  multiplied  as  many  times  as  the  num- 
ber of  facets  into  which  ^e  sides  a  b  were  thus  divided.  Hence 
4180  when  glass  is  furrowed  into  a  multiplicity  of  minute  surfaces 

fby  grinding,  the  rays  of  light  in  passing  through  it  are  refracted 
as  £om  innumerable  small  facets,  and  therefore  objects  are  not  per- 
ceived at  all  through  it ;  for,  if  the  images  of  them  were  formed 
in  proper  directions,  they  would  be  too  diminutive  to  be  visible. 
8uch  ^lass,  forming  a  transparent  screen,  is  sometimes  used  in 
the  windows  of  offices  and  counting-houses,  as  the  light  passing 
through  them  is  more  generally  diffused,  and  the  shadows  are  very 
faint ;  and  for  these  reasons,  circular  screens  of  ground  glass  are 
adapted  to  lamps,  hence  called  sinumbral*  lamps. 

109.  Glass  and  transparent  crystals,  but  chiefly  the  former,  are 
the  substances  generally  employed  in  the  construction  of  optical 
instruments  for  exhibiting  the  phenomena  depending  on  the  refrac- 
tion of  light ;  and  having  noticed  the  effects  produced  by  transpa- 

State  some  of  the  familiar  optical  phenomena  deoending  on  refraction 
How  are  rays  of  light  afiecteu  on  entering  obliquely  and  passing  Uirougb 
a  plate  of  glass  with  mtrallel  surfaces? 
Explain  this  by  a  diagram. 

How  will  the  efTect  be  varied  where  the  surfaces  are  not  parallel  ? 
What  effect  would  result  from  multiplying  the  surfaces  of  incidence  ? 
Why  docs  a  furrowed  or  ground  surface  not  give  distinct  images  ? 
Of  what  utility  is  the  indistinctness  produced  by  roughened  glass  ? 

*  From  the  Latin  tine,  without,  and  umbra^a.  libiA^ii. 
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rent  bodies  with  plane  snr&ces,  we  shall  oow  proeeed  to  ioTesti- 
gate  the  properties  of  glasses  with  corred  sur&oes.  There  are 
numerous  varieties  of  soch  glasses,  usually  termed  optical  lenses  ; 
but  they  may  all  be  arranged  in  two  classes :  (1.)  conrex  lenses, 
or  those  which  axe  thicker  in  the  centre  than  towards  their  borders ; 
(3.)  concave  lenses,  or  glasses  thinnest  in  the  centre. 


110.  Among  convex  lenses  are  the  double  convex.  A,  to  which 
the  appellation,  lens,  was  ori^nally  applied,  from  its  resemblance 
to  a  lentil-seed  (JleTu^  in  Latin),  being  bounded  by  two  convex 
spherical  surfaces,  whose  centres  are  on  opposite  sides  of  the  lens; 
the  plano-convex,  B,  having  one  side  bounded  by  a  plane  surface, 
and  the  other  by  a  convex  surface ;  and  the  meniscus,  or  concavo- 
convex,  C,  bounded  on  one  side  by  a  concave,  and  on  the  other 
by  a  convex  surface ;  the  former  being  a  portion  of  a  largrer  circle 
than  tlie  latter,  and  therefore  the  surfaces  meet,  when  produced. 

111.  There  are  also  three  principal  varieties  of  concave  glasses ; 
as  the  double  concave,  D,  bounded  by  two  concave  surfaces,  form- 
ing portions  of  spheres  whose  centres  are  on  opposite  sides  of  the 
lens;  the  plano-concave,  E,  bounded  on  one  siae  by  a  plane,  and 
on  the  other,  by  a  concave  surface ;  and  the  convexo-concave,  F, 
bounded  by  a  convex  surface  on  one  side,  and  by  a  concave  one 
on  t)io  other,  but  these  surfaces  when  produced  do  not  meet. 

112.  The  varieties  of  both  classes  ot  lenses  admit  of  numerous 
modifications  depending  on  the  relative  curvature  of  their  several 
surfaces.  The  radius  of  a  lens  will  be  the  radius  of  the  sphere 
of  which  its  surfaces  form  a  part,  if  both  surfaces  have  the 
same  curvature;  but  otherwise  each  side  will  have  a  different  ra- 
dius. In  all  the  various  kinds  of  lenses  there  must  be  a  point 
where  the  opposite  surfaces  are  parallel ;  this  point  is  termed  the 
optical  cf^tro  of  the  lens,  and  a  line  passing  through  it  perp^di- 
cularly  to  the  surface  will  be  its  axis.  On  this  line  will  be  situ- 
ated the  ffeoniotrical  centres  of  the  two  surfaces  of  the  lens,  or 
rather  of  the  spheres  of  which  they  form  portions.  A  lens  is  said 
to  be  truly  or  exactly  centred  when  its  optical  centre  is  situated 

Into  how  mitny  classes  miiy  lenses  be  divided  } 
How  Rrc  they  distinguished  ? 

^VIlat  names  arc  given  to  the  different  varieties  of  eonvex  lenses  f 
^Vhat  to  the  three  for.ius  of  concave  lenses  } 

According  to  what  ciroumstances  in  their  eonstmetion  do  these  fonni 
vary  in  different  glasses  } 
\vhni  i§  meant  hy  the  optical  centre  of  a  lens  f 
WfiMt  line  forroa'the  axis  of  k  \«n% > 
When  if  a  lens  considensd  exK^tX^  «eTi\rc4'^ 
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at  a  point  on  tho  kjom  equally  distant  from  correspondingr  parts  of 
iSbiB  suftee  in  erery  direction;  as  then  objects  seen  through  the 
lens  will  not  appear  altered  in  position  when  it  is  turned  round 
perpendieolarly  to  its  axis. 

113.  The  geberal  effect  of  those  glasses  which  are  styled  con- 
vex lenses,  or  which  are  thickest  in  the  centre,  is  to  render  rays 
which  pass  through  them  more  couTergent;  and  that  of  concave 
lenses*  on  the  contrary,  to  render  rays  more  divergent.  The  man- 
ner in  wUch  light  is  refracted  by  a  convex  lens  may  be  illustrated 
by  means  of  the  annexed  figure. 

114.  Suppose  A  B  to 
be  a  double  convex  lens, 
the  axis  of  which  is  D'C 
Gr^,  and  C  its  optical  cen- 
tre, then  the  parallel  fays 
D  A,  D'' B,  will  be  so  re- 
fracted at  the  two  sur- 
faces as  to  meet  at  G', 
which  point  is  termed 
the  "  principal  focus"  of 
the  lens.  And  the  pa- 
rallel rays  E  A,  E'  C,  and 
E"B,andal8oF,A,FC, 
and  F"  B,  falling  obliquely  on  the  lens,  will  in  a  similar  manner 
be  refracted,  and  have  their  foci  at  G  and  G'',  at  the  same  dis- 
tance behind  the  lens. 

116.  It  may  be  observed  that  the  rays  E'  C  G",  D'  C  G',  F  C  G, 
passing  through  the  centre  of  the  lens,  do  not  alter  their  direction. 
C  G'  is  tenuM  the  '*  focal  distance"  of  the  lens ;  and  in  a  double 
convex  lens,  formed  of  equal  spherical  surfaces,  its  length  will  be 
diat  of  the  radius  of  the  sphere  of  which  those  surf?ices  form  por- 
tions. In  a  plano-convex  lens  the  focal  distance  will  be  equal  to 
double  the  length  of  the  radius  of  its  curved  surface.  If  the  lens 
be  imequally  convex,  the  focal  distance  may  be  found  by  multi* 
plying,  together  the  radii  of  its  two  surfaces,  and  dividing  the  pro- 
duct by  the  sum  of  the  two  radii,  the  quotient  being  the  focal  dis- 
tance reqiured. 

]  16.  When  converging  rays,  or  those  proceeding  towards  one 
point,  as  D  A  G,  E  C  G,  and  F  B  G,  fall  on  the  surface  of  a  con- 
vex lens  A  B,  the  principal  focus  of  which  is  at  O,  they  will  be- 

What  test  may  be  adopted  of  the  accuracy  of  such  centring  ? 
What  is  the  effect  of  convex  and  concave  lenses  respectirely  ? 
lUostrate  the  manner  that  parallel  rays  are  refracted  by  a  convex  lent  f 
What  is  meant  by  the  principal  focus  of  such  a  lens  ? 
What  is  meant  hj  ike  focal  aUtance? 

How  may  this  distance  be  known  in  ^erical  lenses  of  unequal  eon* 
▼exi^  ? 
What -will  it  be  in  a  plano-convex  lens  ? 
.  How  ean  it  be  found  in  lenses  having  curves  unequally  convex  I 
How  does  a  convex  lens  affect  converging  ray%  \ 


focus  at  H,  nearer  the  lenl    - 
an  the  point  O.     Thi 
slant  may  be  the  point  a,  i\ 
which  the  raya  would  meet  if 
iterrupled,  the  further  wiQ 
point  H  recede  from  tla 
surface  of  the  lens  totraidB  0, 
hejoDd  B'iicii  point  IL  npver  £oes;  and  the  nearer  the  point  a  u    , 
0»  lenajthe  neaiK  wQl  IhepoiDt  H  tdfance  towards  it.  ' 

inTlWpdirt*  G  ud  Hue  nmnMd  **  conjugate  foci,"  because 
the  place  oi  ooe  dependa  on  that  of  the  other,  and  though  eTerj 
leDAliaa  ootj  one  pnneipel  IbaiiSi  it  mif  have  an  iodeGnita  num- 
ber of  oonjii^iete  fbd,  m  nj»  taij  ftUon  it  conver^ng  a 


118.  When  direrging  reja,  or  those  ieaniof;  froni  one  pmnl,  m 


xiyeree  t< 


It  G,  beyond  O. 


wvde  it,  and  when  the  point  of  dlrergeitce  E  ii  infinitely  diitut, 
the  point  G  will  coincide  with  the  principal  focos  O,  tor  nja 
iasuing  fr(Hn  a  point  at  an  infinite  distance  muM  be  TirtOBliy  pe- 
rallel  rays.  If  E  approachei  to  C,  the  ftwns  G  wUl  reoade  fion 
O,  and  wlien  E  coincidee  with  0',  G  will  be  infinitely  distant,  nt 

Whit  are  nrnnl  bf  the  "  cmnugale  fiici"  of  a  lenif 

Haw  ii  Ibe  noiijugmte  ttyai  diitnnce  for  eonTCrglng  nji  foand  ? 

In  whit  poiition,  wilh  retpeel  to  the  prhiBipal  foeiu,  will  die  eoqiuite 
foeo.  of  diierflns  nr*  be  liniilFd  }  ^^^ 

What eSeel  wiH  (he  indefinile  diitwiBc  of  be  polntof  dlfosvose pn>- 
dn«  on  diepontion  of  their  ttxa%> 

With  what  point  will  it  iKen  Aoiaoide  } 

How  Duy  ny  *fler  rernurtion  bj  ■  conrcx  lent  beeome  panDd  F 

Wh«r«  iDDit  the  point  of  dif  m«dm  be  dteated  !■  onter  ^ax  Ikr 
•bonld  ba  diTujicM  after  refnetiin  ; 
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the  rays  will  become  parallel  after  refraction.  And  when  F  is  be- 
tween C  and  C,  as  at  H,  the  refracted  rays  will  become  diver- 
gent, as  A  L,  B  K9  as  if  rfiey  had  proceeded  from  a  focus  I,  be- 
yond O'  and  in  front  of  the  lens.  The  points  E  and  G  are  termed 
the  conjugate  foci,  as  before;  and  the  conjugate  focal  distance 
may  be  found  by  multiplying  the  principal  focal  distance  by  E  C, 
the  distance  of  Uie  point  of  £vergence  from  the  lens,  and  dividing 
the  product  by  the  difference  of  those  numbers,  and  the  quotient 
will  oe  the  required  distance  C  G. 

119.  Rays  of  light  passing 
through  concave  lenses  will,  in 
most  cases,  be  rendered  more 
divergent  by  refraction,  what- 
ever be  their  previous  direction. 
Suppose  A  B  to  be  a  doable 
concave  lens,  whose  axis  is  E.  0 
e,  and  C,  its  optical  centre ;  then 
the  parallel  rays  D  A,  F  B, 
fidling  on  it,  will  be  refracted  into  the  lines  A  <^  B  /,  as  if  they 
diverged  from  a  point  O,  before  the  lens,  which  is  its  principal  fo- 
cus. The  principal  focal  distance  is  relatively  the  same  as  in  a  con- 
vex lens,  and  may  be  ascertained  in  the  same  manner,  whether 
the  sides  be  of  equal  or  unequal  curvature. 

120.  When  con- 
verging rays  D  A, 
F  B,  proceeding  to 
a  point  G,  beyond 
the  principal  focus 
O  of  a  concave  lens, 
fall  on  it,  they  will 
be  refracted  into  the 
diverging  lines  A  d^ 
and  B/,  as  if  they 
issued  from  a  focus  H  in  front  of  the  lens  beyond  O'.  When  G, 
the  point  of  convergence,  coincides  with  O,  the  rays  will  be  pa- 
rallel after  refraction ;  and  when  the  point  G  falls  within  the  point 
O,  the  refiracted  rays  will  converge  to  a  focus  on  the  same  side  of 
the  lens  with  G,  but  on  the  other  side  O.  G  and  H  are  styled 
o<mjugate  foci,  and  the  situation  of  one  of  them,  when  the  other  is 
known,  may  be  found  by  the  rule  given  in  the  case  of  converging 
rays  falling  on  convex  lenses. 

What  direetioDS  will  rays  generally  follow  after  refraction  by  a  eon- 
care  lens  ?^ 

Where  is  the  principal  focus  of  such  a  lens  conceived  to  be  situated  ? 

In  what  manner  wilt  the  principal  focal  distance  be  ascertained  ? 

How  will  conTei^inff  rays  be  refracted,  which,  before  refraction,  eon- 
Terge  to  a  point  beyond  the  principal  focus  ? 

In  what  manner  will  they  be  refracted  if  eonrerging  directly  towards 
the  principal  Ibeas  f 


»2 
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191.  When  diverging  xays 
D  A,  F  B,  from  any  point  F 
beyond  the  focus  (V  mil  on  a 
conoave  lens  A  B,  they  will 
diverge  in  the  directions  A  d^ 
B  A  as  if  proceeding  from  a 
point  H,  between  (X  and  C; 
and  as  F  adyances  towards  C, 
so  will  H  likewise:  that  b, 
the  more  divergent  the  rays  are 
o^  before  refraction  the  more  will 
they  diverge  afterwards.  When 
the  distance  F  C  or  H  C  is  given,  the  other  point  may  be  fouod 
by  the  mle  for  diverging  rays  falling  on  convex  lenses. 

ISS.  Meniscus,  or  concavo-convex  lenses,  have  the  same  effect 
on  rays  of  light  as  convex  lenses  corresponding  with  them  in  focal 
distance.  Convexo-concave  lenses  have  the  same  effect  as  con- 
cave lenses  agpreeing  with  them  in  focal  distance. 

133.  The  manner  in  which  imajges  are  formed  by  means  of  op- 
tical lenses  may  be  readily  conceived  from  the  preceding  figures 

and  descriptions;  and  the  ef* 
feet  of  convex  glasses,  in  mag- 
nifying the  images  of  objects, 
may  be  further  elucidated  by 
reference  to  the  annexed  dia- 
gram. Let  A  B  represent  a 
convex  lens,  of  which  C  d'lQ 
the  optical  axis ;  and  let  £  F 
be  any  object  to  be  examined, 
placed  between  the  principal 
focus  and  the  surface  of  the  lens ;  then  a  ray  E  g  falling  on  the 
lens  parallel  to  its  axis  will  be  refVacted  in  the  direction  g  C,  and 
another  ray  E  G  H,  from  the  same  point,  falling  oblic|uely  on  the 
lens  and  passing  through  its  optical  axis,  will  be  continued  in  the 
same  direction  without  being  affected  by  refraction,  and  the  two 
rays  will  become  more  divergent  after  passing  through  the  lens ; 
whence  it  follows  that  if  the  ray  E  G  H  were  prolonged  beyond 
E,  it  would  cut  the  line  gein  the  point  e,  and  an  eye  placed  be- 
hind the  lens  would  see  the  extremity  E  of  the  object  at  e;  and 
rays  proceeding  from  every  other  part  of  the  object  being  refracted 
in  a  corresponding  manner,  the  image  of  the  object  E  F  will  ap- 
pear as  at  e/,  and  therefore  be  larger  than  the  object. 

What  will  be  the  directions  after  refraction  of  rajs  diverging  from  a 
point  beyond  the  principal  focus  of  a  concave  lens  } 

Can  diverging  rajs  ever  become  either  parallel  or  eonvergent  bj  the 
refraction  of  such  a  lens  ?    Why  ? 

What  two  rules  apply  for  finding  the  focal  distances  of  Meniseus  lenses  ? 

Draw  and  explain  a  diagram  to  illastrate  the  magnifying  effect  of  eon- 
rex  lenses. 

What  effect  is  produced  by  reCraclvtm  out«^%v«mmv^^tciii|^  the  op- 
tieal  Axis  of  a  convex  lent  ? 
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134«  But  if  the  object  be  placed  at  the  focus  of  the  lens,  the 
lays  refracted  beingr  chiefly  such  as  were  {>arallel  to  its  axis  before 
imactioDy  Uie  eye  will  not  perceive  a  distinct  image  of  the  object. 
If  we  suppose  the  object  £  F  to  be  placed  bejond  the  focal  dis- 
tance, the  rays  E  ^,  £  G,  from  the  same  point  E  will  become 
coDTerffent  after  havinfftrayersed  the  lens,  and  will  intersect  each 
other  below  the  uis,  J5  G  as  passin?  through  the  centre  of  the 
lens  not  having  its  direction  altered  oy  reflation ;  all  the  rays 
from  different  points  of  the  object  will  take  analoffous  directions, 
and  thus  there  will  be  formed  on  the  opposite  side  of  the  lens  a 
reversed  image  of  the  object.  And  if  the  lens  be  fixed  in  an  aper- 
ture in  a  window-shutter,  and  all  light  but  what  passes  through 
it  be  excluded,  the  image  may  be  rendered  visible,  by  placing  a 
sheet  of  white  paper  opposite  the  aperture  to  receive  it.  A  room 
thus  fitted  up  would  be  literally  a  camera  obacura^  a  darkened 
chamber. 

Hie  Organs  of  Ftsion. 

125.  The  eyes  of  animals  bear  a  certain  analogy  to  the  optical 
instrament  called  a  camera  obscura,  just  mentioned ;  for  the  ima- 

S»  of  external  objects,  within  the  sphere  of  vision,  are  actually 
rmed  or  traced  within  the  eye,  in  the  manner  that  will  be  sub* 
seqoentlY  described. 

136.  in  man  and  other  animals  destined  to  inhabit  the  surface 
of  the  earth,  the  eyeball  is  a  mass  nearly  spherical,  but  somewhat 
flattened  in  front.  Those  animals  that  dwell  in  the  water  have 
eyes  very  much  flattened,  the  eyeball  in*  most  fishes  forming  but 
mdf  a  sphere,  and  in  the  ray  species,  it  is  but  one  quarter  of  the 
thickness  of  a  sphere.  In  those  birds  that  soar  to  the  higher  re- 
ffions  of  the  atmosphere,  the  anterior  part  of  the  eye  is  sometimes 
flat,  and  sometimes  in  the  figrure  of  a  truncated  cone :  the  upper  part 
forming  a  short  cylinder,  surmounted  by  a  very  convex  eminence. 
127.  The  eyes  of  spiders,  scorpions,  &c.,  are  merely  very  mi* 
nnte  points,  which  it  would  be  difficult  to  recognise  as  organs  of 
vision,  if  their  functions  had  not  been  demonstrated  by  precise 
experiments.  Millepedes,  flies,  &c.,  have  eyes  oflen  very  large 
in  proportion  to  the  bulk  of  the  insect,  and  composed  of  a  multi- 
tude 01  small  &cets,  or  plano-convex  lenses  united  into  a  hemi- 
spherical form,  with  their  axes  directed  to  a  common  focus. 
Manj  insects  have,  at  the  same  time,  simple  and  compound  eyes: 
this  IS  the  case  wilh  wasps,  grasshoppers,  and  some  others,    lliere 

Whj  does  the  eye  not  perceive  a  distinct  image  of  an  object  at  the 
principal  focus  of  a  convex  lens  ? 

In  what  position  will  the  image  appear  when  the  object  is  beyond  the 
principal  focns }    Explain  the  cause  of  this  on  the  diagram. 

In  what  manner  mar  this  position  of  the  image  be  verified  ? 

What  is  a  ccunera  obscura? 

To  what  is  the  construction  of  the  eye  analogous  ? 

What  relative  spherici^  have  the  eyes  of  land  and  of  aquatic  animals? 

What  peealiarity  is  found  in  the  eves  of  birds  that  aoac  to  fijNal 
heights  ?    What,  in  lbo§e  of  spiders  and  aeorplona ) 
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exist  likewise  multitudes  of  animals,  in  which  no  orgfan  of  vision  can 
be  discovered ;  but  it  appears,  that  in  such  the  sense  of  feeling*  is  ex- 
tremely delicate,  and  therefore  supplies  the  defect  of  the  other  senses. 
138.  In  the  following  descriptive  notices  of  the  organs  of  vision, 
and  the  phenomena  depending  on  them,  our  attention  will  be  restric- 
ted to  the  structure  and  functions  of  the  human  eye.  But  the  eyes 
of  some  quadrupeds,  as  the  ox  or  the  sheep,  so  far  resemble  those 
of  man,  tnat  sufficiently  accurate  ideas  of  the  essential  parts  of 
the  eye  may  be  obtained  by  dissecting  and  examining  an  eye  of 
either  of  those  animals,  and  comparing  its  mechanism  with  the 
ensuing  description. 

129.  The  annexed  figure  exhibits  a  front 
view  of  the  eye,  or  &e  anterior  portion 
of  the  eyeball.  The  white  part  surround- 
ing the  centre  is  called  the  sclerotic*  coat 
(^tunica  sclerotica),  a  a,  and  it  is  continued 
within  the  orbit,  round  the  back  part  of 
the  eyeball,  being  formed  of  a  dense  mem- 
brane, which  includes,  as  in  a  bag,  the 
other  parts  of  the  eye.  It  is  peircctly 
opaque,  and  therefore  is  not  continued  over  the  front  of  the  eye, 
but  joins  the  transparent  cornea,  j-  b,  which  differs  from  it  chiefly 
in  being  completely  pervious  to  light,  and  therefore  serves  like  a 
window  to  admit  it  to  the  interior  of  the  eye  for  the  formation  of 
images.  Within  or  behind  the  cornea  may  be  perceived  the  iris,^ 
e,  a  sort  of  coloured  fringe,  usually  either  of  a  dark  brown  or  a 
^rrayish-blue  tint ;  and  hence  the  distinction  between  black,  and 
blue  or  gray  eyes:  but  there  are  persons  with  extremely  light 
complexions:  and  white  hair  (Albinos^,  who  have  red  eyes,  the 
iris  being  red,  as  in  the  eyes  of  a  white  rabit.  In  the  centre  of 
the  eye,  surrounded  by  the  iris,  is  a  dark  circular  space  of  variable 
dimensions,  called  the  pupil,  d,  through  which  the  rays  of  light 
pass  into  the  chambers  of  the  eye. 

130.  An  horizontal  section  of  the 
eye  is  represented  in  the  marginal 
figure,  in  which  the  parts  already 
described  are  shown,  as  well  as 
those  of  the  interior.  It  will  be 
perceived  that  the  eye  is  enveloped 
m  four  membranes  or  tunics,  the 
sclerotic  coat,  AAA;  the  cornea, 
or  horny  coat,  B  B,  connected  with 
the  former,  in  the  front  of  the  eye ; 
the  choroid  coat,§  T  T,  which 
forms  a  lining  to  the  sclerotic  coat, 
^  and  on  its  opposite  surface  is  co- 

•  From  the  Greek  rxxupof,  Iwrd,  firm  ;  op,  zxxijpoTii,-,  hardness. 

t  From  the  Latin  comeus,  homy,  or  Kke  horn. 

^  So  called  from  its  being  Uke  the  TVimbow  (ftn>%  variously  coloured. 
4  From  its  resembUmee  to  another  mem\)VKuec»W«^  vii^t«fi?fc.>TA^v««^ 
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Yered  by  a  black  pigment  (pigmentum  nigrum),  on  which  lies  tlie 
interior  coat  of  the  eye,  called  the  retina,*  R  K,  a  delicate  retica- 
lar  membrane,  expanded  over  the  posterior  chamber  of  the  eye, 
«id  proceeding  from  the  optic  nerve,  O,  by  which  sensations  are 
conveyed  to  the  brain. 

131.  The  interior  of  the  eye,  or  the  cavity  surrounded  by  the 
coats  just  described,  is  filled  by  three  substances  called  humours : 
the  first,  or  the  aqueous  humour,  D,  is  a  fluid  situated  immediately 
behind  the  transparent  cornea,  and  chiefly  in  front  of  the  iris ;  the 
second  in  situation  is  the  crystalline  humour,  C, ^directly  behind 
the  iris,  bein^  a  solid,  transparent  lens,  more  convex  behind  than 
before ;  and  me  third  is  termed  the  vitreous  humour,  V,  a  kind  of 
viscous  solid  mass,  of  a  medium  consistence  compared  with  the 
other  two,  occupying  the  posterior  chamber  of  the  eye,  supporting 
the  other  parts,  and  contributing  chiefly  to  preserve  the  globular 
figure  of  the  eye.  Between  C  and  D  is  the  pupil  or  opening  in  the 
ins,  1 1,  through  which  light  is  admitted  into  the  eye ;  and  behind, 
the  iris  the  crystalline  humour  or  lens  is  suspended  in  a  transpa- 
rent capsule,  by  the  ciliary  processes,  L  L,  which  proceed  from 
the  iris. 

132.  The  eyes  are  situated  in  basin-shaped  cavities  in  the  skolly 
called  the  orbits,  and  there  are  various  muscles  attached  to  the 
ball  of  the  eye  and  to  different  parts  of  each  orbit,  which  by  their 
contraction  rive  a  certsdn  degree  of  lateral  or  rolling  motion  to 
the  eye,  ana  thus  assist  in  directing  the  sight  towards  particular 
objects.  Eyelids,  also  moved  by  muscles,  and  fringed  by  the 
eyelashes,  serve  to  guard  the  eyes  from  dust,  and  screen  or  shut 
them  altogether  from  the  access  of  too  intense  a  light ;  and  there 
are  glands  for  the  secretion  of  fluid  to  moisten  the  cornea,  and  by 
the  motion  of  the  evelids  keep  its  surface  clear,  and  in  a  state 
adapted  to  yield  perfect  vision. 

133.  As  already  observed,  the  eye  may  be  compared  to  a  car 
mera  obscura,  the  rays  of  light  from  any  object  entering  the  pupil, 

What  appears  to  supply  the  place  of  the  eye  in  animals  which  are  with- 
oat  that  organ  ? 

From  what  quadrupeds  may  we  obtain  specimens,  as  substitutes,  to  de- 
monstrate the  structure  of  the  human  eye .' 

Where  is  the  tvrdca  tcletvtica  situated  ? 

Wliere  the  cornea  ^  the  iris?  the  pupil  jf 

What  are  the  names  and  i>ositions  of  the  four  coats  containing  the  ha- 
monrs  of  the  eye  ? 

Between  which  two  membranes  is  the  black  pigment  found  ? 

What  substance  occupies  the  front  cavity  of  the  eye  ? 

What  is  the  nature,  form,  and  name  of  the  body  which  separates  this 
from  the  posterior  cavity  ? 

With  what  is  the  latter  cavity  filled  ? 

Draw  and  describe  a  magnified  section  of  the  eye. 

Wliat  is  the  purpose  of  U»e  ciUary  processes  ? 

What  name  is  given  to  the  bony  cavity  in  which  Uie  eye  is  placed  ? 

*  From  the  LAtin  retcA  net,  in  reference  to  its  resemblance  to  net- 
work. 
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and  fonning  an  Image  on  the  TBtina«  wbieh  wrodnoes  tiba  paway 
tkm  df  a  Twible  object  eonyeyed  through  the  optic  nennaftt  4* 
hrdn.  That  a  perceptible  image  la  really  formed  in  thia  manner 
on  Ae  retinat  rnvr  be  experimentally  demoaatraled  by  paring  away 
tiw  back  part  of  the  acierotb  coat  of  the  eye  of  an  ox,  with  a 
aharp  Ipiiie,  till  it  becomea  ao  thin  aa  tolie  tnmaparent:  it  will 
thus  be  coRverfeed  into  a  miniature  camera  obacara»  and  dbjeeta 
hfM  before  the  comeat  will  then  be  seen  behind,  delineated  on 
theredna. 

134.  It  may  be  imaginedf  that  if  a  InminoiiB  pmnt,  or  illnmitta- 
ted  object  be  placed  too  near  the  eye,  the  raya  proceeding  firom  it 
wfll  rorm  an  image  beyond  the  retina*  <»  ratoer  die  image  tti^ 
inm  on  it  wiH  be  confnaed  and  imperfect ;  ao  on  the  contxaryy  if 
tiw  ItuB^ODB  point  be  too  distant  tne'  image  will  he  conlbaed  in 
conaeqnenee  m  the  tayv  canraiging  to  a  poHit  before  tfaey  reaeh 
the  rettna. 

185.  In  order  4ierefi)re  tint  the  linage  may  alwaja  be  fi»mod 
^Ustinelly  on  tiie  retina,  proriaion  moat  be  maoe  for  mereaaittg  or 
diminialmig  the  reftaction  of  raya  within  the  eye,  in  proportiea  io 
the  distanoe  of  the  objects  to  be  Tiewed.  Thiaaeematobeeffia)- 
ted  by  means  of  the  crystalline  hnmour  or  lena,  which  ia  cooi^ 
•poaed  of  concentric  lamin«  of  transparent  fibrea,  bv  the  action 
of  which  its  form  may  he  modified  ao  as  to  adapt  tae  eve  to  tiM 
dialaaoeof  diH^ient  objects.  And  in  fariona  animala  the  iigasp 
•df  ^M  erystalfine,  and  Its  aitnalion  with  regard  to  tiie  retina  aie 
iraiied  so  as  to  accommodate  tiie  powers  of  vision  in  each  animid  to 
tta  peculiar  circnmstances  and  mode  of  life. 

136.  The  Tision  of  objects  at  different  distances  may  possibly 
tdso  be  foither  facilitated  by  the  yariable  nressare  of  the  muscles 
on  the  ball  of  the  eye;  though  it  must  oe  concluded,  from  the 
experiments  of  Dr.  T.  Young,  that  their  action  cannot  produce 
any  alteration  in  the  shape  of  tiie  cornea.  In  -newing  near  objects, 
the  pupil  of  the  eye  is  contracted,  fewer  rays  enter  the  eye,  and 
each  OTJects  are  thus  distinctiy  perceived ;  while  in  viewing  dis- 
tant objects,  the  pupil  dilates  to  admit  more  rays  to  fall  on  the 
retina.  In  obscurity,  the  pupil  of  the  eye  becomes  dilated  to  ad- 
mit as  many  rays  as  possible ;  and  in  a  strong  liffht  its  dimensions 
are  much  contractea,  as  may  be  observed  by  holding  a  candle 
near  the  eye  of  another  person.  Sudden  exposure  of  we  eyes  to 
much  light  produces  an  uneasy  sensation,  from  the  quanti^f  of 
rays  admitted  through  the  dilated  pupil ;  and,  on  passing  from 

How  ean  we  prcre  that  a  pereeptible  image  is  formed  on  tlie  retina  at 
the  back  of  the  eje  ? 

In  what  eaaes  will  images  be  indistinct  f 

What  provision  is  necessary  to  render  otjects  distinct  at  diflbrent  dis- 
tances? 

Bj  what  part  of  the  eye  does  the  adjastment  to  distanees  appear  to  be 
effected  f 

What  aptpareot  eflfeet  on  the  exterior  appearanee  is  produced  by  efforts 
io  disliiifaiflh  very  distant  objects  ? 

H^nee  ariset  the  pinn  from  loAdciik  eivMiire  to  a  glare  of  light  ^ 
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open  daylight  into  an  obscure  apartment,  objects  are  not  seen  till 
the  contracted  pupil  becomes  enough  dilated  to  take  in  a  sufficient 
number  of  rays  to  render  them  visible. 

137.  An  object  may  be  seen  distinctly  and  singly,  though  sepa- 
rate images  of  it  be  K)rmed  on  the  retina  of  each  eye.  This  de- 
pends on  those  images  occupying  corresponding  points  on  either 
letina,  and  thus  the  directions  of  the  optical  axes  of  the  two  eyes 
intersect  each  other,  and  a  distinct  image  is  perceived  at  that 
point.  If,  however,  while  a  person  looks  steadfastly  at  any  near 
object  with  both  eyes  open,  he  tries  to  direct  his  view  to  some 
rather  more  distant  object,  without  suffering  the  first  to  escape  at- 
tention, a  double  image  will  be  perceived,  one  somewhat  above 
the  other ;  and,  on  ceasing  the  effort  to  look  beyond  the  object, 
the  images  will  coalesce  into  one.  Similar  effects  may  be  pro- 
duced by  pressing  with  the  finger  on  the  ball  of  one  eye,  so  as  to 
displace  its  optical  axis.  Double  vision  is  also  in  the  same  man- 
ner occasioned  by  intoxication  or  by  frenzy.  Many  animals  never 
see  objects  with  more  than  one  eye  at  a  time ;  as  most  kinds  of 
birds,  lizards,  and  fishes ;  while  there  are  some  species  of  fish 
that  can  only  see  objects  situated  above  them. 

138.  Though  the  perception  of  visible  objects  is  certainly  pro- 
duced by  means  of  their  images  formed  on  the  retina,  yet  the 
manner  in  which  the  sensation  is  conveyed  by  the  optic  nerves  to 
the  brain  is  a  mystery  which  we  are  utterly  unable  to  penetrate. 
There  are  also  some  peculiar  relations  between  the  images  of  ob- 
jects, and  the  manner  in  which  they  are  perceived,  which  have 
given  rise  to  various  conjectures,  and  have  never  yet  been  clearly 
explained.  Thus,  it  is  certain  that  the  image  formed  on  the  retina 
is  always  inverted  with  regard  to  the  position  of  the  object  pro- 
ducing it;  just  like  the  images  formed  by  a  single  lens  in  a  ca- 
mera obscura,  as  may  indeed  be  ascertained  by  repeating  the  ex- 
periment on  an  ox's  eye,  previously  mentioned.* 

139.  Some  writers  on  optics  content  themselves  with  asserting 
that  we  really  see  all  objects  inverted,  but  tliat  the  judgment  cor- 
rects the  erroneous  perception,  a  process  of  the  occurrence  of 
which  no  evidence  can  be  produced.  Others  more  philosophi- 
cally attempt  to  explain  this  phenomenon  by  alleging  the  forma- 
tion of  a  secondary  image  within  the  eye,  reflected  from  that  re- 
ceived on  the  retina  to  another  plane,  by  means  of  which  the 

When  Are  distinct  images  formed  by  both  eyes  producing  a  single  im- 
pression on  the  mind  ? 

On  what  does  this  distinctness  depend  ? 

How  may  the  two  eyes  be  made  to  see  different  Images  of  the  same 
object  } 

By  what  means  other  than  voluntary  effort  may  double  vision  be  pro- 
duced ? 

What  peculiarities  of  sight  belong  to  birds,  i-eptiles,  and-fishes  ? 

In  what  position  is  the  image  of  an  object  formed  on  the  retina  ? 

•  See  No.  133. 
2l2 


wit  *  <MIMf'        ' 

taoddoB  of  die  litt^gB  it  oofneled««  B«t  IbAitf  tifMijfliitlr 
ndtUto  to  enibto  OS  to  eipl«Ui  fke  felillda  Mwmb 'dto  iPMU 
difeetioa  of  objeomi  ynd  tin  podtka  ol^drii  imigM  finiMtjK 

140.  There  ue,  Ii0we?w,  mow  mtm  k  wueit  Oft  Jwrfgiiiliir,' 
wUh  Hie  aid  of  tiie  other  eenMS,  Met^etf  Qs  to  aotreet  wrt—hi^ 
pereeptioiu  jpradiMwd  byTistottt  end H is  <ltlui»  bj meuM  eTM 
emite  of  Ibeung  and  hy  haHtiua  ubamatloiu  tint  we  aweilrfllf 
the  flffures  and  rdatiTe  distaHoee  of  ffaible  libjeeto.  Il  hMhei 
remanady  that  penona  bom  blind  from  teeiutniee  of  eataiaMirf 


in  the  e^refly  on  being  leatoied  to  perihet  ffaton  W  a  mngieal  m-' 
latioat*  afbr  aniTing  at  jmcn  of  dlacrattdn,  hm&w&  at  finl  ftrit 
the  omeete  fliey  see  axe  iii  Immedlato  eontaet  with  their'  wmi 
ereiy  Uiing  appearing  to  tiiem  as  if  painte4  on  axSalB  wammt 
and  ttiet  are  unable  to  recognlie  old^eto  by  rfgfat  atone,  giad«ill|' 
aeanlri^  ^at  power  by  comparing  iMs  new  aenmitiona  wHh  pm 
real  c^eoto  by  feeling  them. 

141*  A  peraon  bom  blind  and  Jnst  iMtoMd  to  eight  Tfj  tlw  cfv* 
ration  for  the  eataraety  would  not  be  able  to  dialinflnDiah  m  die  or 
any  otiier  cube  from  a  marble  or  a  billlBrd4pally  wittioat  toadifaig 
them;  neither  would  he  know  the  pemona  with  whom  he  was 
moqt  familiuly  aeauainted,  or  diaenminato  hla  fhOwr  fiimi  Ut 
ntofher,  or  hla  brother  from  hie  aialery  without  eiaminlBg  Ihtli 
peraona  and  dreaaee  by  tiie  aenae  of  fmi^igf  or  hearing  thdV 
▼oicea.  Inditiduala  thua  Situated  iequlM  m  oonreet  aenae  ef 
Tialon  only  by  diBgreeOy  like  Infiinto  $  imd  it  la  by  ecrawieaee  ftat 
they  loam  to  walk  about  among  the  objeoto  around  them,  withoat 
the  continual  apprehenaion  of  striking  themselTos  against  every 
Aing  they  behold. 

142.  The  processes  by  which  we  judge  at  all  timee  concerning 
the  dimensions  and  distances  of  visible  objects  are,  in  an  amdo- 

§ous  maimer,  the  result  of  reasoning  on  visual  phenomoia;  and 
ms  ezperiei\ce  modifies  considerably  the  ideas  we  form  of  tlie 
size  of  imy  object  and-its  position  in  space,  according  to-the  risnal 
angle.  For  instance,  in  judging  by  the  visnal  angle,  a  man  would 
appear  to  us  much  smaller  at  three  hundred  paces  distance  than 
at  one  huildred ;  notwithstanding  which  we  are  able  to  form  as 
exac^  a  juoffment  of  a  man^s  height  at  one  distance  as  at  the 
other,  provided  there  be  other  objects  at  hand  which  may  serve  sa 
scales  of  comparison.    Thus,  we  rectify  the  image  formed  under 

Whftt  means  hn\e  we  of  eorrecting^  the  error  of  early  impressiona  re* 
eeived  throagh  the  eje  ? 

What  happens  when  persons  of  mature  age  are  for  the  first  time  ena- 
hled  to  see  r 

How  do  suoh  persons  aoquire  the  eorreet  sense  of  vision  ? 

How  do  we  obtain  aceorate  idea»-of  the  dimensions  and  distaneea  of 
remote  objects  ? 

*  See  a  New  Theory  of  Vision.    By  Andrew  Horn.     Also  Encjelo- 
paedia  Metropolitans — Mixed  Sciences,  p.  459. 
t  Fi*om  the  Greel^  i:»t«^»kt«s,  a  calaraet 
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lie  Yisiial  ang)l>  bv  our  preconeeiyed  idea  of  the  common  height 
)f  a  man,  eomparuigr  it  in  Imagination  with  the  door  of  a  house, 
lie  trunk  of  a  tree,  or  any  other  object  in  view,  with  the  size  of 
nrhich  we  are  acquainted.  Hence,  if  we  see  a  man  three  hun* 
bed  paces  off,  upon  a  naked  plain,  as  on  a  wide  sandy  level  by 
the  sea-side,  he  will  look  very  small,  and  may  be  mistaken  for  a 
itile  child,  as  we  can  judge  of  him  only  by  the  visud  angle,  and 
iiavB  no  other  object  near  to  rectify  the  erroneous  perception. 

143.  Dr.  Amott  has  adduced  an  interesting  example  of  the  op« 
tical  effect  just  illustrated.  He  sajs  he  **  once  sailed  through 
the  Canary  Islands,  and  passed  in  view  of  the  far-famed  Peak  of 
Teneriffe.  It  had  been  in  sight  during  the  afternoon  of  the  pre* 
ceding  day,  at  a  distance  of  more  than  100  miles,  disappointing 
seneral  expectation  by  appearing  then  onljr  as  an  ordinary  distant 
hill  rising  out  of  the  ocean ;  but  next  morning,  when  the  ship  had 
arrired  within  about  twen^  miles  of  it,  and  while  another  ship 
(tf  the  fleet,  holding  her  course  six  miles  nearer  to  the  land,  served 
as  a  measure,  it  stood  displayed  as  one  of  the  most  stupendous 
single  objects  which,  on  earth,  and  at  one  view,  human  vision 
can  command.  The  ship  in  question,  whose  side,  showing  its  ' 
tiers  of  cannon,  equalled  m  extent  the  fronts  of  ten  large  houses 
in  a  street,  and  whose  masts  shot  up  like  lofty  steeples,  still  ap- 
peared but  as  a  speck  rising  from  the  sea,  when  compared  with 
the  huge  prominence  beyond  it,  towering  sublimely  to  heaven, 
and  around  which  the  masses  of  cloud,  aluough  as  lofty  as  those 
which  sail  over  the  fields  of  Britain,  seemed  still  to  be  hanging 
low  on  its  sides.  Teneriffe  alone,  of  very  high  mountains,  rises 
directly  and  steeply  out  of  the  bosom  of  the  ocean,  to  an  eleva- 
tion of  13,000  feet,  and  as  an  object  of  contemplation,  therefore, 
is  more  impressive  dian  even  the  still  loftier  summits  of  Chim- 
borazo  or  the  Himalayas,  which  rise  from  elevated  plains  and  in 
the  midst  of  surrounding  hills."* 

144.  Various  optical  deceptions  are  produced  when  we  are  ob- 
liged to  judge  of  the  sizes  and  distances  of  objects  merely  by  the 
visual  angle.  Thus,  any  person  placed  at  one  extremity  of  a  long 
avenue,  a  gallery,  or  a  rectilineal  canal,  will  perceive  the  trees  of 
the  avenue  diminishing  in  height  as  they  are  more  distant,  the 
two  ranges  of  trees  seeming  to  converge  towards  each  other,  and 
come  to  a  point  if  the  avenue  is  very  long ;  and  the  two  sides  of 
a  canal,  and  the  floor  and  lateral  walls  of  a  gallery,  in  the  same 
manner,  become  convergent,  and  meet  in  a  point  when  greatly 
extended.    These  opticu  effects  may  be  imitated  by  constructing 

How  are  we  liable  to  err  in  estimating  the  size  of  a  person  on  a  wide 
level  surface  ? 

In  what  case  may  the  grandeur  of  an  object  be  heightened  bj  eontrast  ? 

What  gives  the  Peak  of  Teneriffe  its  peculiar  sublimity  ? 

Why  are  the  Andes  and  Himalayas  less  impressive  than  that  peak  } 

In  what  eases  may  the  imagination  be  deceived  by  an  undue  reliance  on 
Uie  eye  ? 

*  Elements  of  Physics,  vol.  ii.  pp.  264, 265. 
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tbi  sides  of  a  canal  or  aHays  of  trees  in  eonTeiffbig  lines,  tibt 
mete  distant  trees  gndnally  diminisMikg  In  beiglit;  Snd  Uttn^i^ 
avenue  cr  oanal  wonld  appear  lonfnr  than  the  reality.  '  ^ 

c  e    '  145.  The  annexed  dingrtn 

may  serve  to  llliultMe  ffitr 
apparent  iSimimition  of  m^ 
Jeets  nnder  diilerant  tisfil 
angles.  Suppose  a  Ato  be  «Ar 
olQeef}  as  a  tree^  to  an  eyi^  U* 
toated  at  O,  it  will  apmsr 
f  nnder  the  Tisnal  an^e  a  \i% 
and' the  dimensions  of  the  image  on  tiie  retfna  irfllhaye  ieerUb 
proportion;  then,  if  another  tree,  e  d^  ofthe  ssme  lieight  irift 
the  fics^  he  placed  as  Sa  agaih  irom  it,  the  Wsifal  angle  wiH  fo 
e  O  4i  and  the  apparent  height  of  the  kiter  tree  ^11  be  to  that  of 
(he  former,  as  e'  ir  to  a  5 ;  and  if  a  third  tree  he  sitaated  at  a  fti^ 
ther  distance,  e/,  its  apparent  height  will  be  to  that  of  the  fiivi,' si 
^  f  to  o  5 ;  Qiat  is,  fho  spectator  wilt  see  three  trees  really  edttl 
,  in  height,  as  if  they  were  three  times  at  the  iaine  distance  of  d» 
telatiTe  heights,  o  ij  c' <f,  and  V^. 

146.  When  objects  are  extreinely  distant  it  is  impossible  to 
Jtsdge  correctly  concerning  their  particnlar  situations;  and  hence 
an  irreffiOar  line  appears  to  be  an  aie  of  a  circle,  beenise  we  sup- 
pose all  the  points  to  be  equally  distant  from  ns ;  and  thus  when 
stationed  in  the  midst  of  a  plain,  remote  objects  seem  to  form  s 
circle -around  us.'  It  is  for  the  same  reason  mat  the  heavens  pre- 
sent the  appearance  of  a  concave  hemisphere  sprinkled  with  stars; 
for  at  first  view  the  stars  seem  to  be  all  equidistant  from  the  ob- 
server. A  small  curved  or  polygonal  line  seen  afar  off  appears 
to  be  a  small  rig^t  line ;  a  polyeciron  cut  in  facets,  or  anjirregular 
mass,  at  a  distance,  will  look  like  a  sphere,  and  yet  further  off 
will  exhibit  the  contour  of  a  flattened  disk.  '  This  happens  with 
respect  to  the  sun  and  moOn,  which  we  see  as  circular  oisks. 

147.  Optical  illusions  take  place  in  consequence  of  the  fignies 
of  bodies  in  motion.  If  a  sphere  revolving  on  its  axis  be  placed 
at  a  distance,  it  will  be  impossible  to  perceive  the  movement,  on- 
less  there  are  on  its  surface  spots  or  visible  irregalarities,  the  al- 
ternate appearance  and  disappearance  of  which  may  be  observed ; 
and  it  is  thus  only  that  astronomers  have  been  -enabled  to  ascer- 

niastrate  by  dingrnni  the  apparent  diminution  of  objects  by  the  dRrct 
of  different  Tisnal  angles.  .  . 

How  would  a  row  of  trees,  of  eoual  heights,  and  situated  equidistant 
from  each  other,  extending  nearly  In  front  of  the  speetator,  be  made  to 
appear  by  the  effect  of  perspective  ? 

How  coald  they  be  imitated  in  a  picture  ? 

In  what  instances  may  irregular  forms  be  mistaken  for  those  which  are 
regtilar  ? 

What  appearance  has  a  spheroidal  figure  when  extremely  remote  from 
the  observer  ? 

What  will  enable  us  to  judge  whether  such  a  body  have  a  rotarv  mo- 
tion or  not  ?  V  *  rf 
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adn  the  rotation  of  the  sun  and  the  planets,  by  obsenringr  spots  on 
iieir  surfaces. 

148.  A  lighted  candle  or  torch  whirled  in  a  circle,  the  plane  of 
iv^hich  passes  through  the  eye,  at  a  great  distance,  merely  ap- 
pears to  come  and  go,  in  a  line,  from  one  extremity  to  the  other 
of  the  diameter  of  the  circle.  The  visible  paths  of  the  planets 
through  the  heavens,  in  their  revolutions  round  the  sun,  thus  have 
the  su[>pearance  of  right  lines,  from  one  extremity  to  the  other  of 
whicn  each  luminary  seems,  to  a  spectator  on  the  earth,  alter- 
nately to  advance  and  retnm. 

149.  The  impression  of  light  on  the  eye  is  not  merely  instanta^ 
neous,  but  continues  during  a  certain  time  after  the  luminous  or 
illuminated  object  has  been  withdrawn.  From  the  experiments 
of  D'Arcy,  it  has  been  ascertained  that  the  effect  of  light  on  the 
retina  remains  about  1-7  or  1-8  of  a  second  after  the  Uffht  has  ac- 
toally  been  removed.*  To  this  cause  is  to  be  ascribed  the  circle 
of  light  formed  by  whirling  round  a  bumiuff  stick,  a  phenomenon 
with  which  every  one  must  be  acquainted.  And  on  the  same 
principle  is  constructed  the  amusing  toy  called  the  Thaumatrope,f 
contrived  by  Dr.  Paris.^ 


150.  It  consists  of  a  number  of  circular  cards,  having  silk 
strings  attached  to  their  opposite  edges,  as  represented  in  the  pre- 
ceding figures.  By  these  strings,  one  of  the  cards  beingr  twirled 
Toona  with  a  certain  velocity,  both  sides  of  it  will  be  visible  at 
the  same  time,  and  any  objects  traced  on  them,  as  a  dog  on  one 
side  and  a  monkey  on  the  other,  may  be  perceived  simultaneously. 
Hence  the  parts  of  the  picture  being  united,  when  it  is  whirled 
round,  the  monkey  will  be  seen  seated  oh  the  back  of  the  dog. 
In  this  case  the  revolving  card  becomes  virtually  transparent,  so 
that  the  objects  on  opposite  sides  of  it  may  be  viewed  together. 

How  may  a  circle  be  mistaken  for  a  straight  line  ? 

Widi  what  example  of  this  does  astronomv  furnish  as  ? 

Does  the  image  of  an  object  vanish  from  the  eye  die  moment  the  ob- 
ject is  withdrawn  ? 

For  what  length  of  time  has  D'Arcy  found  impressioos  to  remain  on 
the  Tisoal  oi^n  ? 

What  familiar  and  amusing  experiments  owe  their  interest  to  the  du- 
rability of  visible  impressions  ? 

Describe  the  thaumatrope. 

•  See  a  Paper  «  On  the  Duration  of  the  Sensation  of  Sight,"  in  Me- 
moires  de  I'Aoademie  des  Sciences,  a  Paris.     1765.  p.  439. 
t  From  the  Greek  e«u/M«,  a  wonder,  and  Tpia-Mt  to  turn, 
i  Pbiloiopby  in  Sport  made  Science  in  GaraesU 
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nearly  as  they  would  be  if  painted  on  tlie  two  surfaces  of  a  plate 
of  glass. 

151.  An  improvement  of  the  thanmatrope,  as  already  described, 
has  been  made  by  the  inventor,  which  consists  in  altering'  the 
axis  of  rotation,  while  the  card  is  in  the  act  of  revolving,  in  order 
that  the  images  on  its  opposite  sides  may  be  broncrht  in  different 
positions  wim  respect  to  each  other.  This  is  ingeniously  effected 
by  affixing  two  strings  to  one  or  both  sides  of  the  card,  which  are 
60  connected  as  to  act  on  different  points  of  the  border,  according 
to  the  degree  of  tension  applied  to  them.  The  appearances  ex- 
hibited are  thus  diversified,  and  rendered  more  amusing.  A  card, 
with  a  horse  on  one  side  and  a  jockey  on  the  other,  may  by  twirl- 
ing it  be  made  to  show  the  rider  in  his  saddle,  then  by  merely 
tightening  the  string,  while  the  card  continues  revolving,  the 
jockey  may  be  seen  as  if  making  a  summerset  over  the  head  of 
his  steed  :  on  relaxing  the  string  he  will  again  appear  in  the  sad- 
dle, and  by  various  degress  of  tension  other  postures  may  be  dis- 
played. 

152.  Many  singular  effects  may  be  produced  by  modifications 
of  the  machinery,  all  depending  on  the  continuance  of  the  im- 
pression of  visible  objects  on  the  retina  during  the  space  of  about 
one-eighth  of  a  second,  so  that  the  figures  on  either  side  of  the 
card,  when  it  is  made  to  revolve,  are  renewed  before  the  preceding 
impression  has  ceased  its  action ;  and  consequently  the  figures  on 
both  sides  of  the  card  are  seen  at  the  same  time. 

153.  Another  curioas  machine  has  been  recently  invented, 
called  the  Phantasmascope,*  the  effect  of  which  further  illus- 
trates the  phenomenon  of  the  perception  of  visible  impressions 
during  a  certain  period  after  the  objects  producing  them  are  with- 
drawn. 

154.  In  this  apparatus  as  modified  by  Mr.  Faraday,  figures  are 
seen  through  revolving  wheels,  or  circular  disks  of  pasteboard, 
with  deep  narrow  notches  at  their  edges.  If  a  transparent  star, 
highly  illuminated,  be  placed  behind  a  disk  of  pasteboard  or 
blackened  tin  plate,  with  a  single  narrow  opening  extending  firom 
the  circumference  to  the  centre,  it  will  necessarily  hide  the  whole 
of  the  star  except  that  part  immediately  opposite  the  opening; 
but  if  the  disk  be  made  to  revolve  rapidly,  the  whole  star  will 
become  visible ;  as  may  easily  be  conceived  from  what  has  been 
stated  relative  to  the  duration  of  impressions  of  light  on  the  re- 
tina. 

By  whfit  device  has  its  action  been  varied  ? 

With  what,  as  the  least  velocity,  must  this  apparatus  revolve,  in  order 
to  exhibit  its  true  character  ? 

What  other  toy  has  been  founded  on  the  durability  of  impressions  ? 

What  is  the  arrangement  by  which  figures  are  viewed  in  the  phantas- 
mascope  ? 

-  How  did  1'*araday  contrive  to  render  the  whole  of  an  illuminated  ob- 
yect  visible  rhrough  a  single  line  of  opening  ? 

•  From  die  Greek  «»vT««rfi»,  u  wpeeXat\c^%,\\A"a«.'>-!i%«,\^'vw«, 


rms  piiANTUiiAScoPE. 


diem,  when  made  to  revolve  on  a  spindle,  o 

Jects  as  eihibited  in  a  mirror,  through  the  opening,  idey  vill  diB* 

plaj  the  most  dirersified  and  grotesque  attitudes. 

ISG.  Thus  the  fiffures  ^ren  in  the  preceding  cut,  when  pro- 
perly viewed,  would  all  appear  to  be  pirouetting  like  bo  many 
opera-dancers.  By  different  arrangements  ;[  the  openings,  and 
varied  designs,  may  be  exhibited,  in  a  similar  manner,  yawning 
ilgnres.  Jumping  froge,  creeping  serpents,  and  a  mnltiplicit;  i^ 
other  strange  combinationH. 

157.  Oue  of  the  moat  curious  facts  rela^ng  to  the  faculty  of 
vision  is  the  absolute  insensibility  to  the  impreasion  of  light  at  a 
certain  point  of  the  retina,  so  that  the  image  of  any  object  felling 
on  that  point  would  be  invisible.  When  we  look  with  the  right 
eye  this  point  will  be  about  IS  deg.  to  Ihe  right  of  the  object  ob- 
served, or  (o  the  right  of  ^le  axis  of  (he  eye,  or  the  }iDint  of  most 

irror  introduced  in  the  eihibilion  of  tha 

ra  eqcall)'  •eniible  to  the  imprewoD>  of 


For  Bbal  purpoi 
phiti.b.<m><cop«? 


MhrtoAeleft.    Tha  Mtnt  [n  qveadcNi  U  tka  bul*  of  tlw  arte 
I  wd  ita  inaenrilalitT  U>  U^t  wu  tot  obaerrsd  bf  te 

bj  pUdns,  on  «  ah— t  of  writing  paper,  at  tiic  distance  of  tbrfs 
toefaa  niait,  two  wdonnd  wafers,  thea  □□  looking  at  Ibe  Icfb-hani 
wa&TWilbtliailglMejaat  the  distance  of  about  a  foot,  koeping 
dta.qv  atralghl  won  the  wafer,  and  both  ejea  parallel  with  the 
Una  iMA  }abM  Ot»  waftn,  the  lefl  eje  being  closed,  the  right- 
kawl  waftr  wfil  baeone  iniisible ;  and  a  sitnilar  effect  will  lake 
■bee  if  wa  c!aaa  Iha  right  eye,  and  look  with  the  lefl.  Accord- 
Uff  to  Daniel  Bemoalu,  thia  insensible  spot  is  about  1-7  part  of 
ita  diamalar  of  the 'eye. 

C3lromBlia,  or  the  Themy  of  Cabmri. 

159.  Hmnt  dia  pnpsrties  of  light  one  of  the  most  striking  and 
asloaa  b  Aat  of  oaatmniiicadng  colours  to  bodies.  Popniai  Ian- 
fnaaa  uofliea  the  axiatance  of  colours  la  some  inherent  qualities 
of  Aa  aubataoea  on  whoaa  surfaces  we  perceive  them ;  and  thua, 

i  brick  or  a  green  wafer,  an  nninformBi 

_.ja  of  ihe  brick,  or  the  green  lint 

of  Aa  wafiirt  ta  ba  aa  laaeb  pecaliar  projierties  of  those  bodies  is 

-* '— ^nlw  all^of  iJiB.ww  and  the  circular  ficure  of  the 

t  wa.  find,  eon  (il4ii^eD'>  ^a'  though  colour  parll; 

-     ■  -  -      ■    -    •■  ^=to»,  and  the  nature  of  their  sur- 

.     B  of  colour  is  lifihl,   since  not 

a  are  bodies  daetitata  of  eoloai  in  the  ibaeoca  m  lif^l,  bat,  w 
be  anbaeqaently  ehowo,  Iheii  coIohts  may  be  alterad  lij  aiib> 
JDCttng  to  certain  modificatjone  the  li^t  b;  which  they  am  reo- 
dared  TiBible.     Hence  it  happena,  that  many  colomed  objaetai  tha    ' 

Caliar  tints  of  Vliich  are  diacrimiaaled  withont  difficol^  m 
id  day-light,  appear  to  wesi  the  sonia  hue  in  the  dtufc  of  the 
areniDg,  <h  by  candle-light.  It  may  therefora  be  pioperiy  ataled, 
IhMtkteolauriif  atubilimceatAeeffietofligUoaatUTfiieeii^pttd 
lo  TtJUtt  ill  peaiUio'  eobttr, 

160.  Tlie  influence  of  light  in  the  prodnctioii  of  .colonr  ia  n- 
maikably  modified  by  reftaction.  This  efiect  of  light  is  moat  ood- 
veniently  nxbibited  by  mewn  of  a  triangolsr  prism  of  glasa.  If 
anoh  a  prism  be  held  with  one  of  its  sngolai  edgea  cy poaiCe  to 

What  fiiot,  in  regnrd  to  thia  nibjeet,  WM  ditcoTend  by  Mariotte  f 
Ho*  i*tha  exiiInK  oTn  point  of  InieniiUIitv  experimental!*  prorcd? 
WballlthBUKoriheinHiiihleipair 

What  ii  lb*  nul  belief  and  [be  Mmmm  Uiwoan  of  DMnkiikd  In  re- 
CardIcitheuiUea<«or«Iaiin/ 

What  it  tbe  efficient  aiuie  oF  eoloiir*  I 

Hot  it  Ihia  pniTed  > 

What  ia  Ibe  true  drfloitioii  oT  aoloor  > 

What  relatioo  bat  oDloiir  to  rafi^*BlioD  T 

Hov  1*  die  InfliMiHw  of  rebmctioa  ben  eihtUted  ? 


ClUU  OP   COLOCRI. 


Aaaj*,  Ibo  objeeto  wra  tfaiongh  it  will  not  be  doubled,  ■•  when 
fJnred  dinotlj  throogli  one  of  the  flat  sidee  of  the  glua,  but 
t»f  will  tte  mon  or  lees  alonnled,  acoordiw  to  the  uigle  at 
■fad)  the  priam  ia  held,  and  will  atao  be  clothed  with  all  the  eo- 
Im  of  the  rainbow.    . 


161>  Tliri  diiamltiHi  nf  ii  iij  iif  pulai  li|{1it  iiiln  ill  fT  mini  i  iiliiiiia, 
ij  nfnetion,  maj  be  more  aocuntelj  dieplajed  bj  admitting  a 
~     "         '  '       '    •  wiDdow-ehntlerinlo  a  darkened  chaiD' 

a  A  B  C,  as  r 


aj  throngti  an  apertnn  in  •  w 

ier,  and  eaneing  it  to  fall  on  a  diaphanous  p 

1   in  the  preceding  figure.     A  raj  D  thus  entering,  and 


a  anoiMtmcted,  would  form  on  a  plan 

Ming  so  pla 
ihe  raj  maj  enter  and  qnit  it  at  equal  angles,  it  wUl  be  refi-aeted 


liakof 


etiBular  diak  of  white  U^t  E,  bnt  the  priim  being  so  placed  that 


1  BDch  a  manner,  aa  to  form  on  a  screen  H  N,  properlj  placed, 
■B  ofalong  image  called  the  solar  Boectnun,  and  divided  horiion- 
IbUj  into  icTen  coloured  apacea,  or  banda  of  anequal  extent,  sue- 
■flodiiv  eaeh  other  in  the  order  represented :  red,  orange,  yellow, 
psew,  Biut,  indigo,  violet, 

169.  These  banda  ere  not  separated  by  distinct  lines,  so  that  it  is 
dificalt  to  delermine  where  one  enda  and  another  commencea,  the 
tevaral  tinta  at  their  borders  being  Uwded,  and  each  almoet  im- 
pnveptibl;  united  with  those  next  it;  the  whole  apectmrn  exhibit' 


IS  enumerate  but  si 


0,  omitting  the  indigo;  and  Dr.  WoUaaton  observed,  that  when 

a  Tery  sniali  laj  waa  submitted  to  the  priam,  there  were  onlv  fonr 
Birioiut,  nainelj,  red,  gellouneh-grten,  blue,  and  violet,     Banda  of 

De«ribetfaeellbetofa[>rismor>D]rmn*parenlRibMaoe*benpUo(d  . 

Ho*  U  tbe  Kpuvtioo  of  •hite  light  iolo  Iti  sanitilueDl  solonred  njri 
Boit  ■dTintigcmid;  di^ilajed  I 

What  i)  the  image  of  a  beam  of  liglit  refhutcd  bj  ■  priim  uiuaUj  d»- 
Miiniuted  > 

Into  ho*  nuDJ  *nd  what  ipaeei 

What  an  the  two  eitremei  of  the  q 

W^t  fast  In  regard  Is  the  u 
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eoloiiTB  more  pieciselt  temdnated  may,  howerer^  be.  obtainisd  Ij 
fBceiTiiig.tiaie  ray  onaiensbefbTe  Hit  allowed  to  Ml  on  theprinu 
^nd  the  image  thus  formed  will  be  more  extended  in  length  fil 
'fery  narrow. 

163.  Similar  phenomena  maj  be  produced  by  meaas  of  oAer 
kfaida  of  light  as  well  as  that  of  the  sun ;  and  all  transparent  sub- 
stanees,  in  masses  not  terminated  by  parallel  sm&cesy  haTe  ia 
some  degree  tibte  same  effect  as  the  glaaa  prisnu  Hence  the  dia- 
mond, sapphire,  topas,  and  other  predoaa  atonea  eat  in  fiMseti, 
display  the  prismatic  colonrs ;  as  also  do  angular  ciyitals  of  qnarti, 
leaand  spar,  and  many  saline  and  stony  sobstanoea;  the  enl-glaM 
oniaments  of  lustres,  &».,  exhibit  the  same  .^ttaiing '  tints,  lij  || 
lamp-liflAit ;  and  the  refraction  8f  the  sun's  rays  in  passing  tfarongli  [ 
drops  of  water  produces  a  like  eflfeot  in  the  rainbow. 

164.  From  the  preceding  and  many  o&er  experiments  of  anml- 
lar  nature,  Sir  Isaac  Newton  was  led  to  the  eodMmction  of  a 
theory  relating  to  the  cause  of  light  and  odours,  which  was,  durfaig 
a  long  period,  almost  uniyersally  reoeiTed  among  men  of  acienee. 
Hie  production  of  coloured  apeotra  by  the  reftaetion  or  reflection 
of  light  had  been  obsenred  long  bemre  Newton  commmieed  his 
nseuehes,  and  some  imperfect  attempts  had  beto  made  to^plpia 
Ibe  phenomena;  but  he  not  only  riiowed  that  these  eoijeetaras 
wove  wholly  unsatisfectoiy,  but  also  proposed  a  hi^ly  ingnsnioBS 
Jiypothesis,  founded  on  the  doctrine  m  the 'emanation  of  light,  or 
mat  system  which  lefers  the  phenomena  of  Tislon,  light,  and 
eolours,  to  the  presence  and  motion  of  an  egiereal  fluid,  constantly 
issuing  from  the  sun  and  other  luminous* bodies.  ^^Hie  sun's 
direct  light,"  sajrs  Professor  Maclaurin,  '*  is  not  uniform  in  respect 
of  colour,  not  beinff  disposed  in  every  part  of  it  to  excite  the  idea 
of  whiteness  which  the  whole  raises ;  but,  on  the  contrary,  is  a 
composition  of  different  kinds  of  rays,  one  sort  of  which,  if  alone, 
would  ffive  the  sense  of  red,  another  of  orange,  a  third  of  yellow, 
ai  fourth  of  ^een,  a  fifth  of  light  blue,  a  sixth  of  indigo,  and  a 
sbventh  of  violet ;  that  all  these  rays  togrether,  by  the  mixture  of 
their  sensations,  impress  upon  the  organ  of  sight  the  sense  of 
whiteness,  though  each  ray  always  imprints  there  its  own  colour ; 
and  all  the  difference  between  the  colours  of  bodies  when  viewed 
in  open  daylight  arises  from  this,  that  coloured  bodies  do  not  re- 
flect all  sorts  of  rays  falling  upon  Uiem  in  equal  plenty ;  the  body 
s^/pearin?  of  that  colour  of  which  the  light  coming  from  it  is  most 
o^mposed."* 

iG5.  Hence,  according  to  the  theory  of  emanation,  white  light 

By  what  means  may  distiDctness  between  the  coloured  bands  be  ob- 
tained ? 

Js  the  presence  of  solar  light  necessary  to  the  production  of  colours  by 
refraction  ? 

How  did  Newton  ex])1ain  the  phenomena  of  the  spectrum  ? 

How  did  the  Newtonian  philosophers  conceive  lignt  to  be  constituted? 

Of  what  did  they  suppose  white  light  to  be  composed  ? 


*  Maelauriu's  PhWoso^^  qK  'K««Um,  4to.  b.  iii.  ^dlt* 
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s  an  assemblage  of  molecules  of  yarious  colours,  which  may  be 
leparated  from  each  other  by  the  action  of  a  prism ;  and  bodies, 
irben  exposed  to  the  rays  of  the  sun,  display  any  given  colour 
>e(»use  they  are  so  constituted  as  to  absorb  ail  the  molecules  ex- 
cept those  of  the  rays  of  their  own  peculiar  colour :  thus  perfectly 
white  substances  absorb  none  of  the  molecules,  but  reflect  the 
white  or  compound  light  unaltered ;  black  substances  absorb  all 
the  rays,  and  tiierefore  yield  no  colour ;  and  red,  yellow,  and  blue 
substances  respectively  reflect  those  rays  alone  by  which  they  are 
distinguished. 

166.  The  least  that  can  be  said  in  favour  of  this  system  is  that 
it  acconnts  for  all  the  phenomena ;  but  it  must  be  admitted  that 
ikb  notion  of  material  particles  perpetually  traversing  space  in  all 
directions,  with  almost  infinite  velocity,  is  absolutely  gratuitous, 
and  hardly  consistent  with  the  simplicity  and  economy  generally 
observable  in  the  works  of  nature.  The  appearances  likewise 
may  be  explained  by  having  recourse  to  a  different  theory,  advan- 
ced by  Huygens,  and  advocated  by  Euler,  which  refers  them  to 
the  excitement  and  propagation  of  undulations  through  an  ethe- 
real fluid  pervading  all  space,  which,  by  inconceivably  rapid  vi- 
brations conveys  white  or  coloured  light  to  the  eye,  in  a  manner 
aoalogous  to  that  in  which  musical  and  other  sounds  are  brought 
by  slower  vibrations  of  the  air  to  the  ear. 

167.  "Every  simple  colour,"  according  to  this  system,  "de- 
pends on  a  certain  number  of  vibrations  which  are  performed  in  a 
certain  time ;  so  that  this  number  of  vibrations  made  in  a  second, 
determines  the  red  colour,  another  the  yellow,  another  the  sreetij 
another  the  blue,  and  ano&er  the  violet,  which  are  the  simple  co- 
lours represented  to  us  in  the  rainbow.  If,  then,  the  particles  of 
the  surface  of  certain  bodies  are  disposed  in  such  a  manner,  that 
being  agitated,  they  make  in  a  second  as  many  vibrations  as  are 
necessary  to  produce,  for  example,  the  red  colour,  I  call  such- a 
body  red :  and  rays  which  make  such  a  number  of  vibrations  n 
a  second  may,  with  equal  propriety,  be  denominated  red  rays ;  ani, 
finally,  when  the  optic  nerve  is  affected  by  these  same  rays,  and 
receives  from  them  a  number  of  impulsions,  sensibly  equal,  in  a 
second,  we  receive  the  sensation  of  the  red  colour. 

168.  The  parallel  between  sound  and  light  is  so  perfect  that  it 
holds  even  in  the  minutest  circumstances.  When  I  produced  the 
phenomenon  of  a  musical  chord,  which  may  be  excited  into  vibni<> 
tion,  by  the  resonance  only  of  certain  sounds,  you  will  please    *» 

"What  account  did  they  eive  of  bodies  possessing  a  white  colour  ?  what 
of  those  which  are  black  f 

To  what  objections  is  the  Newtonian  theory  of  emanoHoru  liable  ? 

What  more  simple  view  of  the  subject  was  entertained  by  Huygens, 
Ealer,  and  others  ? 

On  what,  according  to  that  theory,  do  the  several  colours  depend  ? 

In  what  manner  does  this  theory  conceive  coloured  bodies  to  be  adapted 
to  produce  the  sensations  belonging  to  their  several  tints? 

What  analogy  has  been  traced  between  the  seven  colours  and  the  seven 
Dotes  of  the  musical  gamut  ? 
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recollect,  thmt  the  one  which  giweB  the  imisoB  of  the  chord  In 

Jiuestioa  is  the  most  proper  to  shake  it,  and  that  other  sonnds  a^ 
ect  it  only  in  proportion  as  they  are  in  consonance  with  it.*    And 
it  is  exactly  the  salne  as  to  light  and  eoloors ;  for  the  diffinrea 
colours  [of  the  solar  spectnim]  correspond  to  the  different  mosieal 
soands.''f 

169.  It  ougrht  to  he  observed  that  while  the  phenomena  of  light 
and  colours  may  be  accounted  for  according  to  the  system  of  «na- 
nation  or  that  of  undulation,  it  is  not  absolutely  neoessary  to  adopt 
either  in  reasoning  conceminff  them ;  and  it  will  be  sufficient  here 
to  state  that  rays  of  light,  whether  Uiey  be  trains  of  material  par- 
ticles, issuing  from  luminous  bodies,  or  chains  of  undulations 
taking  place  in  an  ethereal  medium,  are  always  propagated  in 
right  lines  till  they  enter  or  impinge  on  a  refracting  or  refleetinff 
medium,  when  they  are  either  bent  at  certain  anfflee,  or  returned 
in  the  same  lines  in  which  they  advanced ;  aim  thus,  when  a 
luminous  ray  is  refracted  or  reflected  it  still  proceeds  in  a  right 
line,  though  that  line  may  not  be  parallel  with  its  original  dheo- 
tion. 

170.  If  the  coloured  image  obtained  by  means  of  a  glass  prism  be 
extended  longitudinally,  by  making  it  first  pass  throng^  a  eonyex 
lens,  it  will  be  found  that  the  rays  of  different  colours  possess  dif- 
ferent degrees  of  refrangibility,  or  are  some  relatiyely  more  refiracted 
than  others.  The  red  tint  which  forms  the  inferior  band  of  ike 
spectrum  produced  by  the  apparatus  aboye  described,  consists  of 
rays  which  haye  undergone  a  smaller  degree  of  refraction  than  those 
which  constitute  the  orange  tint,  the  latter  are  somewhat  more  re- 
fracted than  the  yellow  rays,  the  refraction  is  greater  in  the  other 
rays  successively,  and  most  considerable  in  the  violet  rays,  whidi 
therefore  form  the  colour  of  the  superior  band  of  the  spectrum. 

171.  If  after  the  solar  spectrum  has  been  rendered  more  distinct, 
by  subjecting  a  beam  of  light  to  a  lens  before  it  is  refracted  by 
the  prism,  an  aperture  be  made  in  the  screen,  on  which  it  is  re- 
ceived, opposite  to  any  one  of  the  coloured  bands,  a  small  pencil  of 
light  similar  to  that  of  the  band  will  pass  through,  and  if  it  be 
refracted  by  a  second  prism,  and  even  again  by  a  thkd,  and  then 
received  on  another  screen,  it  will  not  be  decomposed  any  further, 
but  will  produce  a  circular  ima^e  of  a  uniform  colour  correspond- 
ing with  that  of  the  band  of  which  it  originidly  formed  a  portion. 

172.  By  a  similar  method  the  various  refrangibility  of  the  diM- 

In  what  circumstances  in  regard  to  direction  do  rays  of  light  resemble 
earrents  of  sound  ? 

What  directions  do  rays  always  pursue  after  refraction  ? 

How  are  the  differently  coloured  rays  found  to  be  constituted  in  respeet 
to  refrangibility  ? 

Which  colour  is  the  leaat  refrangible  ?  which  the  fno9t? 

What  effect  is  produced  on  any  one  of  the  coloured  bands  of  the 
trum,  by  an  attemiiit  to  decompose  it  by  a  second  refraction  ? 

*  See  Treatise  on  .Acoustics, 'Ko.^^ 

f  Eoler'i  Letters  to  a  GermmnYnvittew.    'CA.\%aau^ii^v>^&« 
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f^ntly  coloured  rays  may  be  further  demonstrated.  For  this 
purpose  it  is  only  necessary  to  make  the  first  prism  revolve  slowly 
on  Its  axis,  and  thus  each  part  of  the  spectrum  will  transmit  its 
rays  successively  through  the  aperture  in  the  first  screen,  and 
form  a  succession  of  little  circular  images  on  the  second,  traced 
at  different  heights,  the  violet  colour  appearing  strongest,  the  red 
weakest,  and  uie  intermediate  tints  varying  as  they  are  nearer  to 
one  or  the  other.  Thus  may  be  produced  an  ascending  or  descend- 
ing procession  of  images  on  the  screen,  by  turning  the  first  prism 
in  dhe  direction  or  the  other. 

173.  Rays  of  light,  when  reflected,  exhibit  properties  analo- 
gous with  those  which. they  show  when  refracted;  those  coloured 
rays  which  are  most  refrangible  being  also  the  most  refiexible ;  so 
that  the  violet  is  reflected  more  readily  than  the  indigo,  the  latter 
more  than  the  blue,  and  the  others  in  succession  becoming  less 
and  less  refiexible,  and  the  red  least  of  all.  This  order  of  reflex- 
ibUity  explains  in  some  measure  the  azure  tint  of  the  heavens ; 
for  the  atmosphere  being  a  reflecting  medium,  those  rays  most 
subject  to  reflection,  namely,  those  which  are  violet,  indigo, 
and  blue,  are  reflected  most  abundantly,  and  hence  the  appearance 
of  the  unclouded  celestial  vault.  To  a  similar  cause  is  to  be  attri- 
buted the  blaish  tints  of  distant  mountains,  oflen  imitated  with  ?reat 
effect  by  landscape  painters,  in  the  display  of  aerial  perspective. 

174.  As  the  decomposition  of  solar  light  into  variously  coloured 
rays  may  be  exhibited  by  the  means  already  stated,  so  there  are 
methods  by  which  white  li^ht  may  be  composed  by  uniting 
the  different  colours  of  the  solar  spectrum  into  one  image.  This 
may  be  most  perfectly  effected  by  causing  the  spectrum  to  pass 
through  a  convex  lens,  and  receiving  the  imajge  on  a  card  or  screen 

{»laced  in  the  focus  of  the  lens,  where  a  circular  disk  of  white 
i^t  will  be  formed.  A  mixture  of  seven  powders  tinted  as  the 
prismatic  colours,  and  in  the  proportions  of  the  breadths  of  the 
several  corresponding  bands  will  produce  a  whitish  compound ; 
and  seven  coloured  wafers  fixed  at  proper  distances  on  the  border 
of  a  circular  piece  of  pasteboard  would,  when  it  was  whirled 
round,  on  a  pm  passing  through  its  centre,  display  a  wheel  or 
circle  of  a  hue  more  or  less  approaching  to  white. 
.  175.  Instead  of  reuniting  all  the  rays  of  the  prismatic  spectrum 
by  means  of  a  lens,  cert-ain  parts  may  be  united,  a  screen  being 
placed  to  intercept  the  others,  when  the  image  produced  will  not 
consist  of  white  light,  but  of  particular  tints  resembling  some 
of  the  simple  colours  of  the  spectrum.  Thus  the  yellow  and  the 
blue  will  form  a  green,  the  yellow  and  red  an  orange,  or  the  red 

How  may  the  degree  of  refrangibility  belonging  to  each  coloar  be  veri- 
fied by  a  second  refraction  ? 

What  oi'der  do  the  colours  follow  in  the  degree  of  their  reflexibility  ? 

How  is  this  principle  applied  lo  explain  atmospheric  and  other  coloui*s  f 

How  may  a  beam  of  white  light  be  formed  out  of  the  constituent  ele- 
ments of  different  colours  ? 

How  may  the  compound  colours  be  formed  frota  lYie  "^rV.*  ^'l  ^^w^* 
tram  / 

2  K  2 
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and  blue  a  violet  tint ;  bnt  these  artificial  colonis  are  distingaidiap 
ble  from  the  original  colours  corresponding  with  them  by  their 
susceptibility  of  decomposition  into  their  constituent  parts  when 
transmitted  anew  through  a  prism.  However,  though  certain 
colours  thus  reunited  rorm  coloured  mixtures,  there  are  other 
colours  which  when  united  by  a  second  transmission  through  a 
convex  lens  reproduce  white  light ;  and  these  are  termed  comple- 
mentary colours. 

176.  As  the  coloured  rays  that  compose  white  light  have  diffe- 
rent degrees  of  refrangibility,  it  follows  that  a  pencil  of  ray^  of 

liffht,  as  E  F,  in  the  marginal  figure, 

A.  fuling  on  a  lens  -A  B,  the  violet  rays 

being  the  most  refrangible  will  be 

-jy  C       I  \  brought  to  a  focus  sooner  than  the 

^  other  rays,  as  at  C,  and  the  red  rays 
—  which  are  the  least  rethmgible  will 
meet  in  a  focus  as  at  D,  the  inter- 
mediate rays  meeting  at  relative  dis- 
tances between  those  two  points.  Hence  the  images  which  are 
formed  at  the  focus  of  a  lens  will  be  surrounded  by  various  colours 
constituting  what  is  termed  an  iris.  It  is  likewise  obvious  that 
those  rays  which  enter  the  lens  near  its  border  will  be  more  dis" 
pened  than  those  which  pass  through  near  its  axis.  Thus  when 
an  object  is  viewed  through  a  single  fflass  lens,  the  parts  of  it 
most  distant  from  the  centre  will  be  deformed,  and  as  just  ob- 
served surrounded  by  a  coloured  irradiation. 

177.  It  has  been  shown  that  rays  of  light  in  passing  through 
different  transparent  mediums  are  more  or  less  refracted  or  di- 
verted from  their  original  direction ;  and  that  the  decree  of  refrac- 
tion which  light  undergoes  varies  with  the  medium  &ouffh  which 
it  passes.  The  manner  also  in  which  light  is  affected  by  being 
made  to  traverse  a  refracting  substance  the  sides  of  which  are  not 
parallel  to  each  other,  as  a  prism  of  glass  or  crystal,  has  been 
stated ;  and  the  phenomenon  of  the  production  of  coloured  light, 
from  the  dispersion  or  analysis  of  the  rays  of  white  light  has  been 
generally  illustrated. 

178.  Sir  Isaac  Newton,  in  making  his  original  experiments  on 
'  solar  light  with  a  glass  prism,  ascertained  that  the  relative 

breadths  of  the  coloured  spaces  in  the  prismatic  spectrum,  sup- 
posing its  whole  extent  to.be  divided  into  360  parts,  would  be, 
for  the  red  stripe,  45  parts ;  Tor  the  orange,  37 ;  for  the  yellow,  48 ; 

Give  some  examples  of  this  mode  of  producing  intermediate  eolonrs. 
What  are  meant  bj  complementary  colours  } 

What  effect  has  the  difference  of  refrangibility  in  the  rays  of  lig^t  up- 
on the  colour  of  an  image  formed  behind  a  lens  ? 
With  what  do  such  images  appear  to  be  surrounded  ? 
What  eiroumstance  causes  variations  in  the  degree  of  refraction  suf- 
fered  by  light  ? 

What  facts  did  Newton  diMQivet  ii^  te^^t^  ^  ^"^  t€^>x4^  Vktesdth  of 
"^'^r  iNindt  in  the  spectrum  ? 
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I;  fbtlhe  Indigo,  iD;  wid  for  tb* 
«Ter,  mn  by  DO  meuM  canatant, 
ff  on  the  peculiai  nstnie  of  the  tefiactin^  bod*  employed 
te'4i«seet  a  nj  of  white  light;  wid  it  is  a  teiy  BiDg;a1«T  cireum- 
■liiii  II,  tkat  thoofli  Newton  made  nae  of  prisms  compoaed  of  dif- 


rsntW  coloured  tajs  is  greater  when  produced  by  oae  Tofnicting 
■nodiara  iIub  by  anotkef :  he  tfaerefore  errooeousty  coacluded  that 
the  nfae^re  aed  disperaira  powers  of  bodies  always  correapoadr 
ad;  but  that  is  hi  from  b«n^  the  case.  t. 

179.  The  efieeta  of  a  consideTabte  number  of  transpaient  solids 
and  fluids  on  rays  of  solar  light  transmitted  through  them  bsTo 


180.  Tha  eSect  of  prisms  compiwed  of  different  Tefiacting  sub> 
atances  on  a  ny  of  wlule  light  may  be  explained  by  reference  to 
the  following  figures.  Oil  of  cassia  and  sulphaiic  scid  are  trans- 
pv«Bt  liqoida  whicli  exhibit  great  diversity  cf  dispersive  power. 
SnppoBB  A  B  to  represent  a  spectmm,  sach  as  would  be  formed 
by  tcansmitting  a  lolar  ray  through  a  prism  bavin?  its  eides  of 
glass,  and  filled  witb  oil  of  cassia ;  and 
A'  B',  a  similar  spectrum  produced  by  a 
prism  filled  with  sulphuric  acid.  Tb^i 
It  will  appear  that  the  least  refrangible 
colours,  led,  oisnge,  yellow,  numbered 
1,  3,  3,  will  be  more  contracted  in  the 
spectrum  A  B,  or  that  fonned  by  the  oil 
of  cassia,  than  in  A'  B',  or  the  spectrum 
formed  1^  sulphuric  acid ;  and  that  tha 
most  refrangible  coloars,  blue,  indigc 
violet,  5,  6,  7,  will  be  more  e 
in  the  former  apectrum  than  in  um  ibh- 
ter :  the  centre  of  one  apectium  lying 
just  within  the  blue  apace  in  the  linn 
C  C,  and  in  the  other  that  line  dividing 
the  green  space,  but  less  unequally. 
a  Hence  the  coloured  spaces  hear  not  the 

fl  proportion  to  each  other  aa  the  lengths  of  the  spectra  j  and 
Do  tlie  naniber*  obtained  by  Urn  appnr  to  be  BOaKaal  for  all  refraot- 
Into  what  error  wm  lie  led  in  retpeet  (o  (he  diapenive  power  of  »»- 


Lu^ 


true  in  renrd  li 
.biUnceif 

j'o^iu™,. 

ii  ibe  cetan  •/  (A*  tpectntm  (a 
In  whieh  colour  1*  the  «"" '  ''""■  ' ■"" 


.  the  refrmetive  and  (he  di>- 
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this  want  of  correspondence  is  tenned  the  irrationality  of  disper-' 
sion,  or  irrationality  of  the  coloured  spaces  in  the  spectrum. 

181.  On  this  inequality  of  dispersive  power  among  transparent 
hodies  depends  the  construction  of  those  optical  instruments  called 
achromatic,*  or  aplanatic,t  telescopes;  by  means  of  which  the 
coloured  fringes  and  other  aefects  in  images  formed  by  a  single 
lens  are  removed,  or  prevented  from  interfering  with  the  distinct 
observation  of  the  object.  The  principle  on  which  this  is  affected 
is  by  combining  together  refracting  substances  possessing  diffe- 
rent dispersive  powers,  in  such  a  manner  that  the  aberration  caused 
by  one  shall  be  counteracted  or  neutralized  by  the  opposite  effect 
of  the  other. 

182.  Suppose  a  compound  prism  A  B  C,  as  represented  in  the 
diagram  below,  to  be  formed  by  joining  two  prisms  A  O  D,  and 
D  C  B,  composed  of  the  same  substance ;  then  if  a  ray  of  white 
li^ht  be  made  to  fall  on  it,  an  image  of  the  spectrum  will  be  ob- 
tained, the  colours  of  which  will  be  less  distinct  than  they  would 

have  been  if  the  prism  A  C  D  alone  had  been 
employed,  because  the  light  decomposed  by 
the  first,  prism  will  be  partially  recom- 
posed  in  passing  through  the  second ;  and 
it  would  be  entirely  so,  if  B  C  were  pa- 
rallel to  A  B ;    because  then  the  second 
prism  having  the  same  dispersive  power 
as  the  first,  would  be  so  placed  as  to  coun- 
-,    tcract  its  effect.     If,  instead  of  employiog 
^'    two  prisms  of  the  same  kind,  one  of  the 
prisms  D  B  C,  be  composed  of  a  substance  the  dispersive  power 
of  which  is  much  stronger  than  that  of  the  other,  ADC,  the  rays 
dispersed  in  passing  through  the  former  prism  will  bo  re-collected 
by  the  second,  and  an  achromatic  prism  will  thus  be  formed.    If 
the  refringent  power,  likewise,  of  the  prism  D  B  C  be  the  same 
with  that  of  the  prism  ADC,  the  refraction  will  not  be  corrected; 
but  if  the  refringent  power  of  D  B  C  is  the  greatest  the  refrac- 
tion will  be  in  some  degree  corrected. 

183.  It  is  practically  impossible  to  form  a  perfectly  achromatic 
prism,  because  the  dispersive  power  of  difTerent  transparent  sub- 
stances differs  with  respect  to  the  differently  coloured  rays.     But 

What  is  meant  by  the  irratiojiality  of  dispersion  ? 

What  advantage  is  derived  from  the  kno\» ledge  of  dispersive  powers 
in  the  construction  of  optical  instruments  ? 

Explain  the  terms  achromatic  ancl  aplanatic. 

How  may  the  dispersive  power  of  a  prism  be  counteracted  ? 

Does  it  necessarily  follow  that  the  refractive  effect  must  be  overcome 
by  a  second  refractor  which  restores  the  white  colour  of  a  previously  re- 
fracted beam  ? 

Why  can  we  not  form  perfectly  achromatic  prisms  } 


From  the  Greek  »,  privative^  a\\<\  "X.^.  i*^-.  colour  :  without  colour. 
f  From  *,  privative^  and  i\x*»vi,  evvov  ov  ^v^^vvVv^xw  >»j\N^AVi\jA.  vivcor. 
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tke  effect  may  be  produced  with  regard  to  any  two  colours ;  and 
it  is  therefore  usual  to  take  the  extremes  of  the  spectrum,  namely 
the  red  and  Tiolet,  or  the  red  and  blue. 

184.  If,  as  Sir  Isaac  Newton  too  hastily  concluded,  the  disper- 
siye  property  and  the  refringent  power  had  in  all  substances  in- 
creased and  diminished  in  the  same  ratio,  the  refraction,  as  weH 
as  the  dispersion  produced  by  one  substance  would  be  counter- 
acted by  another :  the  rays  emerging  after  the  double  refraction 
would  thus  become  parallel.  It  would  hence  have  been  impossi- 
ble to  achromatize  a  lens;  for  if  a  compound  lens  were  formed  by 
unitinff  a  convex  with  a  concave  fflass  in  such  a  manner  that  the 
rays  should  become  deprived  of  colour  after  issuing  from  it,  they 
would  resume  their  origimU  parallel  direction :  that  is  the  colon- 
sation  and  the  refraction  produced  by  the  convex  fflass  would  be 
destroyed  both  together  by  the  concave  one,  and  the  rays  could 
not,  therefote,  be  united  in  a  focus. 

185.  The  effect  of  single  convex  lenses  in  producing  an  indis- 
tinct image  with  a  colour^  fringe,  termed  chromatic  aberration, 
previously  noticed,  will  be  such  uiat,  '<  for  parallel  rays,  the  circle 
of  least  chromatic  aberration,  or  of  least  colour,  will  have  the 
same  absolute  magnitude,  whatever  be  the  focal  length  of  the  lens, 
provided  the  aperture  remains  the  same.  Now  since  in  a  tele- 
scope (with  a  ffiven  eye-fflass)  the  image  is  magnified  in  propor- 
tion to  the  Ibeu  length  of  the  object-glass,  it  foflows,  that  by  in- 
creasinff  the  focal  length  the  magnitude  of  the  image  increases, 
while  ULZt  of  the  coloured  border  remains  the  same :  by  con^ 
tinaing,  therefore,  to  increase  the  focal  length  we  get  an  image  so 
much  magnified  that  the  colour  bears  an  insensible  proportion  to 
it.  Hence,  as  Ion?  as  simple  lenses  only  were  used,  m  order  to 
oorrect  the  aberrations  and  secure  a  due  quantity  of  light,  it  was 
necessary  to  have  telescopes  of  very  unmanageable  length.  Some 
of  those  constructed  by  Huyghens  were  of  one  hundr^  and  even 
one  hundred  and  fifty  feet  focal  length.*^* 

186.  Newton,  after  numerous  attempts  to  render  refracting  tele- 
scopes more  portable  and  effective,  found  himself  foiled,  in  conse- 
quence of  the  incorrect  opinion  he  had  formed  concerning  the 
correspondence  of  the  dispersive  with  the  refringent  powers  of 
bodies,  and  therefore  inferring  that  ^  tiie  improvement  of  the  re- 
fracting telescope  was  desperate,"f  be  devoted  his  future  attention 

What  would  have  been  the  success  of  such  an  attempt  had  Newton's 
■nppoution  been  true  ? 

what  is  the  effect  of  a  single  convex  lens  in  producing  an  Imaee  ? 

In  what  proportion  to  the  focal  length  of  the  object-glass  will  be  the 
map^ifying  power  of  a  telescope  f 

What  inconvenience  arose  from  the  use  of  simple  lenses  in  the  con- 
•traction  of  refracting  telescopes  ? 

*  Short  Elementary  Treatise  on  Experimental  and  Mathematical  O^, 
tie*.    By  the  Rev.  Baden  Powell,  M.  A.,  F.  R.  S.    Oxtor^^  \^^.  ^.  VA. 
t  OpttMU    hooA  trot.  Mo.    Part  L  Pro|i.vii.  Theov.^. 
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to  tbe  conBtraction  o(  telescopes  of  a  different  kiad,  ut  whish  tkt 
iiDMes  of  objects  are  formed  oy  reflection.* 

187.  Bat  uiat  which  was  despaired  of  by  thiB  great  man  has 
fortunately  been  accomplished  by  others.  The  merit  of  having 
first  discovered  the  method  of  forming  an  achromatic  refractinf 
telescope  appears  to  be  dne  to  Mr.  Chester  More  Hall,  a  geB|le* 
man  residing  in  Essex,  England,  who,  about  1733,  had  completed 
seyend  achromatic  obieot-fflasses,  by  the  combination  of  lenses 
of  dif^nt  kinds  of  glass,  iiaying  different  degrees  of  difl«>eisi?t 
power.  In  n47,  Leonard  Euler  published  a  paper  in  tae  Me 
moirs  of  the  Academy  of  Sciences  at  Berlin,  on  the  improyemeBt 
of  refracting  telescopes.  This  attracted  the  attention  of  seye 
ral  philosopners  to  the  subject,  amonff  whom  was  John  DoUond, 
an  eminent  optician  in  London,  who  haying  folly  ascertained  the 
diyersity  of  aispersive  power  in  different  substances,  found  tlist 
an  achromatic  lens  might  be  formed  by  Joining  toge&er  erowa 
glass,  or  that  kind  wiSi  which  windows  are  '^az^,  with  flint* 
glass,  or  that  of  which  cut-glass  yessels  and  ornaments  are  madsw 

188.  Peter  DoUond,  the  son  of  the  optician  just  roentioDedt 
made  a  further  improvement  by  forming  an  object-glass  of  three 
instead  of  two  lenses,  including  a.ooneave  lens  oi  mnt  ehtss  be- 
tween two  convex  lenses  <d  crown  glass.  -  It  is  now,  bowevsc^ 
most  usual  to  employ  only  two  lenses,  one,  paiily  eoncavey  of  flial 
l^ass;  and  the  other,  double  convex,  of  crown  glass.  These 
glasses  have  different  curvatures,  and  are.formed  in  such  a  man* 
ner  that,  after  refraction,  the  red  rays  and  the  violet  rays  will  be> 
come  reunited  at  the  same  point :  the  intermediate  rays  will  also 
be  reunited  at  nearly  the  same  point,  it  being  impossible  to  reunite 
all  the  rays  in  precisely  one  point  (as  above  stated),  though  they 
may  be  made  to  approach  it  sufficiently  to  prevent  the  usual  effect 
of  chromatic  aberration. 

189.  In  the  marginal  figure,  represent- 
ing the  section  of  a  compound  lens,  the 
ray  E  F  falling  on  the  centre  of  the  lens 
A  B,  will  pass  through  ii  without  any  al- 
teration ;  but  another  ray  G  H  falling  on 
one  side  of  the  centre  will  be  divided,  and 
the  violet  ray,  as  being  the  most  refran^ 
hie,  will  pass  through  the  convex  lens  m 
the  line  H  I,  but  the  red  ray  in  the  line 
H  K.  The  concave  lens  of  flint  glass 
will  make  both  these  rays  diverge  from  the 
axis  E  F,  the  red  taking  the  direction  K  L, 
and  the  violet  the  direction  1  N ;  and  in 
passing  again  through  the  air  to  the  focus, 
the  red  ray  will  take  the  direction  L  F,  and 

Who  first  succeeded  in  overcoraing  this  difficulty  ?    What  two  mate- 
rials did  Dollond  employ  for  the  formation  of  achroinatie  lenses  ? 

*  See  tubsequeatparX  QC\]h\«'Vte«X\«A,T^«9&'(«>AQ^iaMl  Io«traiDeati 
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the  violet  the  direction  N  F :  both  consequently  will  be  reunited 
at  the  point  F. 

190.  Achromatic  lenses  thus  constructed  are  still  subject  to  im- 
perfection, and  hence  subsequent  attempts  have  been  made  to  im- 
prove them,  which  have  been  attended  with  a  considerable  decree 
of  success.  Dr.  Robert  Blair,  of  £!dinburgh,  between  1787  and 
1790,  having  conceived  the  idea  of  employing  transparent  fluids 
in  the  construction  of  compound  lenses,  at  length  succeeded,  by 
inclosing  muriatic  acid,  properly  prepared,  between  glass  lenses, 
in  forming  an  object-glass  by  which  the  differently  coloured  rays 
were  all  bent  from  their  rectilineal  course  with  the  same  equality 
and  regularity  as  by  reflection.  Other  experimentsd  philosophers 
have  occupied  themselves  in  analogous  researches ;  and  especially 
Mr.  Barlow,  of  Woolwich,  who  has  been  very  successful.*  Tx) 
the  instruments  thus  constructed  it  has  been  proposed  to  apply  the 
term  aplanatlc^  or  free  from  error,  as  possessing  the  utmost  degree 
of  accuracy. 

191.  Among  the  most  interesting  natural  phenomena  is  that  of 
the  rainbow,  Uie  production  of  which  wholly  depends  on  the  re- 
firaction  and  reflection  of  the  sun's  rays  by  clouds  or  drops  of  rain, 
and  the  consequent  formation  of  prismatic  colours ;  and  the  sub- 
ject may  therefore  here  be  properly  noticed.  The  bow  in  the 
heavens,  as  the  French  correctly  term  it  (Varc-en-eiel)^  is  seen 
when  the  sun  darts  his  rays  on  a  cloud  dissolving  in  rain,  and  the  ob- 
server places  himself  opposite  to  it,  with  his  back  turned  to  the  sun. 
Sometimes  one  bow  only  is  perceived,  but  more  usually  there  are 
two  bows,  the  interior  or  lower  one  exhibiting  brighter  colours 
than  the  other,  the  tints  of  which  are  comparatively  pale.  Both 
present  the  colours  of  the  prismatic  spectrum  ;  but  in  the  interior 
bow  the  tints  gradually  ascend  from  the  violet  to  the  red,  while  in 

.  the  exterior  bow  the  violet  is  most  elevated.  Some  writers  remark 
that  a  third  bow  has  been  observed,  but  very  rarely ;  and  accor- 
ding to  theory  many  bows  must  be  formed,  ^ough  all  beyond  the 
second  must,  in  general,  be  utterly  imperceptible. 

192.  The  colours  of  the  rainbow  are  the  result  of  the  decom- 
position of  white  light,  in  its  passage  through  the  globular  drops 
of  water  forming  a  shower  of  rain.     Each  coloured  ray  produced 

In  what  manner  is  it  customary,  at  present,  to  arrange  the  parts  of  an 
achromatic  lens  ? 

Of  what  material  is  the  double  convex  lens  composed  ? 

Which  two  rays  are  brought  together  at  the  focus  of  an  achromatio 
lens  ? 

Trace  in  the  diagram  the  respective  courses  of  the  red  and  the  violet 
rays. 

What  method  was  adopted  by  Blair  and  Barlow  to  form  dieir  aplanatio 
instruments  f 

On  what  principle  is  the  rainbow  formed  ? 

In  what  order  are  the  colours  arranged  in  the  double  rainbow  } 

Whence  do  the  colours  of  the  celestial  bow  proceed  ? 

*  See  Philosophical  Transactions  for  1828  \  or  Abstract.  o€  P%^ec%v^ 
PbiloK.  Trans.,  vol  ii.  pp.  3^,  334. 
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by  ^s  decomposition  traTenes  tlie  globule,  and  is  reflected  m 
part  at  the  opposite  concaye  surface ;  it  then  traverses  the  globule 
again  in  a  new  direction,  and  presents  itself  to  escape  towards 
the  obsenrer.  A  part  only,  howeyer,  actaally  passes  out,  and  the 
odier  part  is  again  reflected  and  carried  back  into  the  interior  of 
the  globule.  In  this  manner  a  multitude  of  successive  reflections 
may  be  caused,  at  each  of  which  some  portion  of  the  light  will 
escape,  but  its  intensity  becomes  more  and  more  feeble  with  the 
increase  of  the  number  of  reflections. 

193.  It  is  ^m  those  rays  that  thus  first  issue  ^m  the  drop  on 
the  side  towards  which  the  observer  is  looking  that  the  eflfect  is 
produced.  The  rays  which  pass  out  from  a  globule  after  having' 
suffered  one  or  more  reflections  form  a  certain  angle  with  their 
primitive  direetion.  This  angle  is  constant  for  aU  rays  of  the 
same  nature  that  penetrate  the  globule  at  the  same  incidence,  and 
which  undergo  within  it  the  same  number  of  reflections ;  but  it 
varies  for  those  rays  the  incidences  of  which  are  different,  and 
which  underffo  a  greater  or  smaller  number  of  reflections. 

194.  It  will  appear  from  calculation  that  in  a  series  of  parallel 
fays  of  the  same  nature,  which  fall  on  a  globule,  and  which  un- 
dergo but  one  reflection  within  it,  that  the  angle  will  be  succes- 
sively augmented,  from  the  normal  or  direct  ray,  at  which  there 
will  be  no  angle,  to  a  certain  limit,  beyond  which  it  will  decrease 
till  the  ray  becomes  a  tangent  to  the  sphere  or  globule.  Hence 
within  those  limits,  the  parallel  rays  entering  the  globule  very 
near  together,  and  undergoing  deviation  not  very  dissimilar,  will 
remain  sensibly  parallel  at  their  escape:  and  therefore  an  eye 
placed  in  the  direction  of  such  a  bundle  of  rays  will  be  affected 
with  a  sufficiently  vivid  sensation  of  colours ;  while  elsewhere 
encountering  only  isolated  rays,  the  sensation  produced  will  be 
extremely  inconsiderable.  The  rays  which  thus  issue  from  a  glo- 
bule so  as  to  form  a  small  bundle  capable  of  making  a  sensible 
impression,  are  termed  efficacious  rays, 

195.  It  is  the  same  with  regard  to  rays  which  undergo  two  re- 
flections, or  a  ^eater  number,  within  the  globule.  There  will 
always  be  certain  limits  within  which  several  parallel  rays,  near 
together,  issuing  from  the  globule  and  remaining  sensibly  parallel, 
wfil  produce  a  distinct  sensation  on  the  eye.  These  limits  are 
not  the  same  for  all  kinds  of  coloured  rays,  but  vary  with  their 
refrangibility.  Thus,  with  respect  to  the  red  rays,  which  are  the 
least  refrangible,  when  the  ray  issues  after  one  reflection,  it  makes 
with  the  incident  ray  an  angle  of  43°  3' ;  this  angle  is  succes- 

How  many  reflections  occur  before  the  light  leaves  a  drop  of  water  to 
psM  to  the  eye  of  the  observer  in  constituting  the  primary  rainbow  ? 

What  general  fact  can  be  stated  in  regard  to  the  angle  formed  by  rays 
passing  out  of  a  drop  of  water  after  undergoing  one  or  more  reflections  ? 

What  is  meant  by  the  normal  ray  in  a  beam  of  light  ? 

Which  of  the  rays  reflected  from  rain-drop^  are  termed  eficadous? 

Whmt  causes  the  differenee  Vu  the  YM\l\tm  q(  ^«  «ef«c«l  teta  of  ^co- 
tisraysP 

ybsLt  «D|^le  widi  the  ineident  ray «  4om  t^  <JlcodmM  red  T09  xDoi^X 
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siyely  smaller  for  the  other  coloured  rays,  to  the  violet,  which  is 
the  most  refrangible,  and  for  which  it  is  40°  17'.  When  the  emer- 
gent ray  undergoes  two  reflections  in  the  interior  of  the  globule, 
Sie  limit  in  the  case  of  the  red  rays  will  be  at  an  angle  of  50^  57% 
and  in  the  case  of  the  violet  rays,  at  an  an^le  of  54^  7'. 

196.  The  formation  of  the  coloured  bands  of  the  rainbow  may 
be  thus  explained :  the  sun,  considered  as  a  simple  luminous  point 
at  an  infinite  distance,  transmits  to  the  shower  a  bundle  of  rays, 
of  which  each  globule  of  water  receives  some.  Hence  on  each 
of  the  globules  fall  some  efficacious  rays,  which  pass  off  to  ob- 
servers at  different  points.  Thus,  the  first  coloured  ray  which 
ean  come  to  an  observer,  after  a  single  reflection  in  the  globule, 
will  be  that  which  makes  the  smallest  angle  with  its  original  direc- 
tion ;  and  will  therefore  be  the  violet  ray,  of  which  the  angle 
is  4(P  IT. 

197.  All  the  globules  situated  in  the  same  circle,  to  the  centre 
of  which  the  axis  of  the  bundle  is  incident,  will  produce  the  same 
sensation,  and  consequently  form  the  first  coloured  line.  The  effi- 
cacious red  rays  which  form  with  their  original  direction  an  angle 
of  42^  2',  will  jproduce  the  last  or  highest  line  of  the  first  bow; 
and  between  these  extremes  there  will  be  the  five  other  colours  of 
Ihe  prismatic  spectrum,  in  the  order  of  their  refrangibility.  Such 
is  the  mode  of  formation  of  the  first  or  principal  bow :  its  dimen- 
lions  will  be  the  difference  between  40^  17'  and  42^  2',  and  there- 
fore eqnal  to  1°  45'. 

198.  Beyond  the  red  rays  the  observer  will  only  perceive  those 
which  have  undergone  two  reflections,  and  their  intensity  will  con- 
aeqnently  be  more  feeble.  The  first  rays  in  this  case  will  now 
be  the  red,  which  make  the  smallest  an^le,  equal  to  50°  57' ; 
forming  the  commencement  of  a  secondary  now,  at  a  distance  firom 
tiie  first,  corresponding  with  the  difference  between  429  2'  and 
50*^  57',  and  therefore  equal  to  8**  55'.  The  last  or  highest  line 
of  the  second  bow  will  be  the  violet,  of  which  the  rays  will  make 
with  their  original  direction,  an  angle  of  54°  7',  and  between  these 
extremes  will  be  found  the  other  colours.  The  dimensions  of  the 
second  bow  will  be  54°  7'— 50°  57'— 3°  10'. 

199.  It  may  readily  be  understood  from  the  preceding  observa- 
tions how  three  or  more  bows  may  be  formed  by  successive  re- 

Wbat  ang^le  is  made  by  the  eficacioiu  violet  with  the  incident  ray,  after 
•  ^inrle  refleetion  ? 

What  arc  the  angles  respectively  for  these  two  rays  after  undergoing 
tvo  refleetions  ? 
How  is  the  formation  of  coloured  bands  in  the  rainbow  explained  ? 
What  is  the  necessary  limit  to  the  breadth  of  the  interior  or  prinuu-y 
Wv?  ' 
I       What  rays  will  come  to  the  eye  of  the  spectator  beyond  thevred  ray  of 
Ibt  bow  ? 
What  order  of  colours  will  be  observed  in  the  exterior  bow  ? 
What  is  the  breadth  of  band  between  the  two  bows  \ 
What  is  the  breadth  in  degrees  of  the  seeondary  bo^r  > 

3  L 


V 


M8   '  0Fnc8« 

ileQtioiui;  and  wby  also  tfaey  must  be  too  fiiint  to  be  pereepttbre** 
We  bsTe  sapposea  tbe  san  reduced  to  a  Inminoua  spot,  asd  Urns 
a  ciicular  line  only  of  eacb  colour  wo«ld  be  produced ;  but  as  the 
sua  baa  a  sensible  dlameteri  it  follows  that  each  band  of  tbe  bows 
must  have  certain  dimensions  depending  on  the  apparent  diam^ 
tar  of  the  sun. 
SOO.  Lunar  rainbows  occasicmally  occur,  but  in  ^lost  caaes  tber 
■  are  fiint  or  <^ourk»a»  from  the  iiuerior  intensity  of  the  moonj 
leilected  light.  C<doured  bales  are  also  sometimes  seen,  but  they 
are  amonff  Uie  more  unusual  meteorological  nheoomena.  ClouA 
of  rare  colours,  as  green,  haYo  been  noticed  oy  aome  obsanrers;! 
and  the  effect  ma^  be  traced  to  the  same  causes  with  the  more 
frequent  and  beautiful  rainbow. 

Why  are  not  lunar  bows  generally  diitingaithable  ? 
What  other  phenomenon  analogous  to  ths  rainbow  is  oeeailoiially  ob- 
aenred  in  the  atmosphere  ? 

*  Under  peculiar  eireamstaaoBS,  more  than  two  rainbows,  or  rather 
iridiseent  eifoles,  mav  be  fonned  by  the  refraetion  of  ftm  aim's  rmjs,  so 
as  to  be  distinctly  visible.    A  remai*kable  instance  Of  mtff  a  phenomenon 
Is  related  by  Professor  Winkler,  from  *•  L'Histoire  General  deaToy' 
ages,**  as  oeeorring  to  tbe  French  and  8);)Snish  pttHosophcrs  who  were 
employed,  in  tlw  last  eentnir,  in  mcasnrifiir  a  degree  of  the  Meridian,  ia 
Pera.    *<  As  Don  Antonio  de  Ulloa  was  with  the.  Franeh  Academiciaas 
on  the  higli  and  desert  mountain  of  FamlMroarea,  in  tbe  kingdom  of 
Quit0^  each  of  them  saw  his  own  image  over  against  tlie  side  on  which 
the  suu  rose,  as  in  a  min*or,  and  the  head  of  each  image  encompassed 
with  three  rainbows,  having  all  one  and  the  same  centre.    The  last  or 
outmost  colours  of  the  one  rainbow  tooehed  tiie  firrt  of  the  following. 
And  externally,  round  ail  die  three  circles,  but  at  some  distance  from 
them,  a  fourth  bow  appeared,  w4iich  sliowed  uhite  only.    Wlien  one  of 
the  spectators  moveo  from  one  side  to  tbe  other,  the  whole  appeaninee 
followed  him,  in  the  like  form  and  order.     And  thoogh  the  observeis 
«rere  six  in  number,  and  stood  quite  close  together,  vet  eaeh  could  M*e 
only  his  own  imsge,  and  not  those  of  the  others.     As  (he  figures  of  their 
Inulies  were  portrayed  in  the  middle  space  of  the  encompassing  rainbow, 
tbe  vapours  of  this  space  must  have  been  in  the  state  for  die  incident  snd 
reflected  rays  to  form  equal  angles." — Eletn,  of  ^at,  J*hiioK  JDefku,  voL 
ii.  pp.  63,  6-k 

t  The  following  instance  of  the  occurrence  of  this  phenomenon  is  dc- 
rived  from  a  diary  kept  by  the  person  who  witnessed  it :  December  84, 
1812.  Just  before  sunset,  I  observed  a  line  of  clouds,  situated  above  the 
sun,  tinged  of  a  most  beautiful  pea-green  colour.  Above  and  below  the 
green  clouds  were  situated  clouds  of  a  dusky  purple  hue,  intermixed  with 
narrow  stripes  of  orange.  As  the  son  wss  sinking  below  tbe  horison  the 
green  belt  of  clouds  became  gradually  lighter  ;  and  when  the  orb  of  dsr 
eeased  to  be  seen,  the  green  tinge  also  vanished.  This  appearance  coo- 
tinned  about  a  qoarter  of  an  hour.** 

Musschenbroek  notices  the  occurrence  of  green  clouds,  and  observe! 
that  **  such  were  seen  by  Fresier,and  are  described  in  his  *  Voyage  to  the 
West  Indies.***— iSfem.  of  Ma.  PhUoe.,  translated  from  the  Latm,  by 
Colson.  1744.  vol.ii.  p.S41. 
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Colours  of  thin  Plates, 

201.  The  phenomena  of  coloured  rings  ohserved  in  the  simple 
experiment  of  blowing  bubbles  of  soap  and  water ;  in  thin  films 
of  oil  of  turpentine  or  other  essential  oils  floating  on  water ;  on 
the  surface  of  polished  steel  when  heated  ;  and  in  general  in  thin 
plates  of  transparent  substances,  as  quartz,  Iceland  spar,  and  mica, 
are  extremely  curious,  as  exhibiting  a  peculiar  mode  of  the  de- 
composition of  white  light.  It  may  be  most  conveniently  studied 
by  examining  what  takes  place  when  a  very  thin  stratum  of  air 
or  any  other  fluid  is  confined  between  two  plates  of  glass ;  and 
the  experiment  may  be  advantageously  made  by  placing  a  convex 
lens  of  small  curvature  upon  a  concave  lens  of  a  radius  somewhat 
greater,  and  on  pressing  them  together  the  colours  will  appear 
arranged  in  the  form  of  rings  round  a  central  spot,  which  if  the 
pressure  be  sufficiently  powerful  will  be  perfectly  black,  when 
viewed  by  reflected  liffht,  but  when  examined  by  transmitted 
Ugrht,  as  by  looking  at  the  sky  through  the  grlasses,  instead  of  pla- 
cmjg  the  eye  between  the  light  and  the  reflecting  surface,  the  cen- 
tral spot  will  be  white^  and  be  surrounded  by  rings,  the  colours  of 
which  will  be  complementary  to  those  seen  by  reflection.  Hence 
it  appears  that  the  colours  seen  by  reflection  and  by  transmission 
of  white  light  through  thin  plates,  are  those  which  form  the  great- 
est contrasts  with  each  other. 

202.  The  coloured  rings  are  seen  in  the  following  ^'^^^i  P^^ 
ceeding  from  the  centre  to  the  circumference,  forming  different 
series  of  tints. 

Colours  of  thin  plates  viewed  by  reflection. 

Ist  series.  Black,  bhte^  wkite^  yellow,  orange,  red, 
2d  series.   Fwlet,  blue,  green,  yellow,  red. 
3d  series.  Purple,  blue,  green,  yellow,  red, 
4th  series.  Bluish-green,  red. 

Colours  of  thin  plates  viewed  through  the  glasses. 

Isi  series.  Writs,  TeUowish^ed,  black,  violet,  blue, 
2d  series.   White,  yellow,  red,  vioitt,  blue, 
3d  series.  Qreen,  yellow,  red,  bluish-green, 
4th  series.  Red,  bluish^green. 

Under  what  different  circamstancef  are  transparent  bodies  capable  of 
exhibiting  coloured  rings  ? 

How  is  the  appearance  roost  eonyeniently  studied  ? 

In  what  different  positions  most  the  eye  be  placed  with  reference  to  the 
glasses  to  observe  the  two  different  classes  of  phenomena  ? 

Of  what  colour  is  the  central  point  in  two  conjoined  lenses  when  it  is 
viewed  by  transmitted  light  ? 

What  difference  do  reflected  and  ti'ansmitted  light  respectively  produce 
on  every  ring  of  the  coloured  surface  ? 

What  is  the  order  in  each  of  the  four  series  of  colours  when  viewed  by 
rcfleetcMl  light  ? 

What  is  it  when  viewed  by  transmitted  li^l? 


5M)3*  These  tints  are  none  of  them  identical  with  the  stmplf 

Sriamatic  colonra.  Sir  J*  Heiaohel  obaerres,  respecting  the  r»> 
ected  colonra,  Aat  **the  preen  of  the  third  order  (or  series]  is 
the  only  one  which  is  a  pure  inll  edonr,  that  of  the  second  boag 
hardljr  perceptible,  and  6f  the  fotrCh  tMfnparatirely  dnn^asd  ▼e^ 
ging  to  appte-gieen ;  the  yellow  of  the  second  and  third  oiden 
are  both  flood  colonra,  bnt  that  of  the  second  ia  especially  rldi 
and  aplendid ;  that  of  the  firvt  being^  *  fiery  tint  passing  into 
orange.  The  bine  of  the  firat  erder  ia  so  jSunt  as  to  be  scarce  sen- 
sible, that  of  the  second  is  ridi  and  fhll,  bnt  that  of  tiie  tfari 
mnch  inferior;  the  red  ef  the  fiiat  order  hudtjf  deserves  the  name, 
it  is  a  dnll  brick  eoUmr;  that  of  the  seciend  is  rich  and  foil,  as  is 
alao  that  of  the  third;  bnt  they  all  Terge  to  crimson,  nor  does 
any  pare  acarlet  or  prismatie  ted  ocenr  in  the  whde  series.*** 

9M«  The  breadths  of  the  rings  are  nhe(|Ml,  becoming  narrower 
and  more  crowded,  as  thi^ recMC  from  the ocibtre ;  andtheextest 
ef  the  rings  or  cboles  M»ends  oh  the  conratnres  of  the  fllasses 
between  wlileh  they  are  tonned.'  Iq  order  to  make  eeipemncaa 
with  aocnracy  a  proper  apparsti^s  is  recmisi^.  That  nsed  by  ^ 
Isaac  Newton,,  m  experiments  on  th|b  subject,  consisted  of  a 
plaao-conTex  lens,  the  radins  of  the  eontez  nrftce  of  wl^h  waa 
twenty-eight  feet,  and  ^  double  eoaVex  leas,  the  radins  of  whose 
sorfeees  was  fifty  feet ;  and  tibe  latter  befaiff  plaeed  on  ihe  conTsx 
aarfeee  of  the  former,  they  were  heldlttoeUier,  witbany  reonlied 
deeree  of  ]>re«Bnre,  by  three  paira  of  seftva,  fixed  at  eoQJd  inter- 
▼aia  on  Uieir  b«(rders. 

S05.  The  eoloars  may  be  shown  by  refieeted  lisht,  by  pressing 
toother  with  the  fingers  a  concaye  and  a  eonvex  ^ass  sfightlT  di^ 
fering  in  currature,  &at  of  the  fpna^  hanng^  the  largest  radius; 
but  it  is  impossible  by  this  means  to  maintain  equable  pressure, 
and  the.  figures  become  distorted  from  circleeinto  irregular  ovals, 
or  angular  lines.  Hence  it  will  be;  obvious  diat  no  correct  obser- 
vations can  be  made  on  the  dimensions  of  the  coloured  rings,  unless 
the  glasses  can  be  subjected  to  uniform  pressure.  It  is  also  ne- 
cessary that  the  eye  of  the  observer  should  always  be  aimilarly  pla- 
ced, or  at  the  same  angle  of  obliquity;  for  if  the  obliquity  be  changed, 

How  do  the  colours  eorretpood  witfi  those  of  Ihe  prismatic  speetmm  ? 

Whieh  of  the  reflected  colours  ia  perfect  in  iu  kind  ? 

What  relations  hare  the  breadths  of  the  several  rings  to  their  distaoee 
from  the  common  centre  ? 

On  what  do  their  actual  breadths  depend  ? 

What  were  the  forms  and  curvatures  of  the  lenses  nsed  by  Newton  in 
experiments  on  coloured  rings  ? 

In  what  simple  manner  may  the  rings  he  exhibited  hj  reflected  light  ? 

How  roust  the  apparatus  be  arranged  and  secured,  in  order  to  a  cor- 
rect appreciation  or  the  nature  of  the  rings  ? 

What  precaution  is  necessary  in  regard  to  the  eve  of  the  spectator  ? 
Why  ?  *^ 


Encydopsed.  M.etropo\,'7-l&\xcjilCkir.atea«  vol.  li.  p.  4fi3>. 


COLOURED  RINGS.  401 

by  elevating  or  depressing  the  eye  or  the, glasses,  the  diameters 
(but  not  the  colours)  of  the  rings  will  change. 

206.  It  is  of  importance  to  the  explanation  of  this  phenomenon 
to  ascertain  the  thicknesses  at  which  the  respective  tints,  or  the 
several  points  of  greatest  brightness  and  greatest  obscurity  occur. 
This  may  be  done  by  means  of  Newton's  apparatus  ;  for  the  co- 
loured rings  being  perfectly  regular,  by  exactly  measuring  their 
diameter,  may  be  found  the  thickness  of  the  plate  of  air  corre- 
sponding to  each  of  them ;  for  the  internal  between  a  plane  and 
a  spherical  surface,  the  centres  of  which  are  brought  into  contact, 
wiu  increase  in  the  ratio  of  the  squares  of  the  distances  from^ 
that  point  of  contact. 

207.  Hence  Newton  found  that  in  the  most  brilliant  parts  of 
the  circles  the  thicknesses  followed  the  progression  1,  3,  5,  7,  9; 
while  in  the  darkest  parts,  commencing  with  the  centre,  they 
followed  the  progression  0<  2,  4,  6,  8.  The  same  philosopher 
ascertained  that  when  water  is  substituted  for  air  between  the 
glasses,  the  proportions  of  the  diameters  of  the  rin^s  will  be  the 
same,  but  they  will  be  relatively  smaller;  whence  it  follows  that 
the  plates  of  water  reflecting  ^ny  given  colours  must  be  more  at- 
tenuated than  those  of  air.  It  further  appears  that  glass  plates, 
to  reflect  the  same  colours,  must  be  thinner  than  those  of  water ; 
and  it  may  be  grenerally  concluded  that  the  thinness  of  the  plates  - 
increases  in  proportion  to  the  density  of  the  bodies  of  which  they 
are  composed,  or  rather  in  proportion  to  their  refracting  powers. 

208.  Air  in  a  plate  but  half  a  millionth  of  an  inch  in  thickness 
ceases^  to  reflect  light ;  and  the  same  is  the  case  with  water  at 
three-eighths  of  the  millionth  of  an  inch,  and  with  ^lass  at  one-third 
of  the  millionth  of  an  inch.  A  plate  of  air  two  millionths  of  an  inch 
in  thickness,  exhibits  what  Sir  I.  Newton  terms  ^^  the  beginning 
of  black."  A  plate  nine-millionths  of  an  inch  reflects  the  red  of 
the  flrst  circle  or  series ;  one  nineteen-millionths  t)f  an  inch  the 
red  or  scarlet  of  the  second  series ;  and  tables  have  been  calcu- 
lated of  the  thicknesses  of  plates  of  air,  water,  and  glass  respec- 
tively, for  each  colour  of  each  of  the  four  series  given  above,  and 
also  for  those  of  three  more  series,  which  may  be  observed  ex- 
tending in  narrower  circles  beyond  the  preceding.  Air  seventy- 
How  may  we  ascertain  the  thickness  of  those  plates  of  air  which  pro- 

dnce  the  dilTerent  ring^  ? 

In  what  ratio  do  the  distances  between  a  plane  and  a  sphere  to  which  it 
touches,  increase  from  the  tangent  point  ? 

What  did  Nf^wton  ascertain  to  be  the  relative  thicknesses  of  the  strata 
at  the  brightest  parts  of  the  rings  } 

What  progression  of  numbers  represents  the  thicknesaes  of  the  darkest 
ring:*? 

What  law  did  Newton  find  to  prevail  when  the  space  between  his  len- 
ses was  filled  with  •water  instead  of  mr? 

What  result  was  given  by  gku9  9 

What  general  conclusion  was  derived  from  a  trial  of  various  sub- 
stances ? 

How  much  must  the  plates  of  each  substance  be  diminislied  before  they 
lose  tlie  power  of  refleetiitg  light  ? 

2  L  a 


40t  omoi* 

80f«MBilUoBtii8  of  in  inch  in  thiokneM  refleete  a 

eolcmT,  fonninflr  the  bmudwy  of  Um  seTenth  or  outer  ciiole;  and. 

b«3ron^  ^^  tindmeis  it  lefleels  onite  white  or  aiideoom]K)fled  light 

909.  As  to  the  oaase  of  the  oolonred  rings  formed  hy  thin  pMes, 
Newton  propoeed  an  explanation  fbnndra  on  the  doctrine  of  llie 
emanation  or  light  as  consisting  of  moteonles  tnTcrsing  space; 
and  his  hypothesis  is  deserving  of  notice  as  being  in  some  aegree 
applicable  to  the  nndnlatorf  theory*  which  represents  light  aa 
ansing  from  the  vibrations  of  an  ethereid  medimn. 

810.  HsTing  ascertained  from  experiment  that  the  dilTerent  ra|a 
become  reflected  at  the  snecessive  tniolmesaes  I9  3,  6,  7,  te.,  and 
transmitted  on  the  contrary,  at  the  intermediate '  thicknessos-0, 8, 4, 
6,  ftc,  he  regarded  these  laws  as  resnldng  from  a  particnlar  dia- 
position  of  the  Inminons  molecules,  which  he  denominated  **  fita 
of  easy  reflection,'*  an^  **  fita  of  easy  transmission.**  Thns  he 
concluded  that  any  ray  would  be  thrown  into  a  fit  of  easy  reflae- 
tion  on  ftJling  on  a  plate  the  fludmeas  of  which  was  one  of  ue  terma 
of  tlie  series  1, 3,  5, 7,  9,  dec ;  1  being  the  firat  or  least  thiekneaa 
•  at  which  it  becione  susceptible  of  being  reflected ;  and  on  the 
otiier  hand,  a  ray  would  be  in  a  fit  of  easy  transmtsi^on  whoi  the 
thickness  of  the  plate  was  one  of  the  terms  of  the  series  8,  4, 6, 
8,  &c* 

81  i.  Thus  ht  Newton*a  hypbthesia  is  little  more  than  an  enun- 
ciation of  facta,  bul  he  also  coniectuied  ^at  the  fits  of  easy  re- 
flection and  transmission  mi^ht  depend  on  a  sort  of  magnetic  po- 
larity belonging  to  the  particles  of  light ;  to  wMch  supposition, 
however,  it  does  not  appear  that  the  illustrious  author  himself 
attached  any  ffreat  importance. 

212.  According  to  the  undulatory  theory  both  of  the  surfaces 
of  the  thin  lamina  are  concerned  in  the  productiott  of  the  colours ; 
and  the  interference  of  the  light  reflected  from  the  second  surface 
with  the  light  reflected  from  the  first  interrupts  or  facilitates  the 
passage  of  the  ray  at  certain  intervals  of  thickness  of  the  plate.* 

213.  "The  colours  of  natural  bodies  in  general  are  the  colours 
of  thin  plates,  produced  by  the  same  cause  which  produces  them 
in  thin  lamifise  of  air,'  glass,  &c. ;  viz.,  the  interval  between  the 
anterior  and  posterior  sur&ces  of  the  atoms,  which,  when  an  odd 
multiple  of  half  the  length  of  a  fit  of  easy  reflection  and  trans- 
mission for  any  coloured  ray  moving  within  the  medium,  obstructs 
its  penetration  of  the  second  surface,  and  when  an  even,  ensures 
it.     The  thicknessj  therefore,  of  the  atoms  of  a  medium,  and  of 

What  WHS  Newton'f  explanation  of  the  eaaae  of  coloared  i>inga  ? 

Explain  by  an  example  what  he  meant  to  expi*e8sby  "^t9  of  easy  reflec- 
tion and  of  easy  transmission.'* 

On  what  what  were  ihe Jitt  snpposed  to  depend  ? 

How  is  the  undulatory  tljieor^'  applied  to  explain  the  coloared  rings } 

What  is  supposed  to  determine  the  colour  reflected  by  surfaces  receiT- 
^^S  ^'£^ht  with  a  perpendicular  incidence  ? 

♦  See  PowellH  E\em.Tc«ai\A««  otiO^tssv^ASft— !«. 
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the  interstices  between  them,  determines  the  colour  they  shall  re- 
flect and  transmit  at  a  perpendicular  incidence.  Thus,  if  the 
molecules  and  interstices  be  less  in  size  than  the  Interval  at  which 
total  transmission  takes  place,  or  less  than  that  which  corresponds 
to  the  edge  of  the  central  black  spot  in  the  reflected  rings,  a  me- 
dium made  up  of  such  atoms  and  interstices  will  be  perfectly 
transparent.  If  greater,  it  will  reflect  the  colour  corresponding 
to  its  thickness.*'* 

214.  There  are  several  very  curious  optical  phenomena  arising 
from  the  interference  of  the  rays  of  light,  besides  the  colours  ex- 
hibited by  thin  plates;  and  among  these  may  be  included  the  va- 
riable colours  of  fine  fibres  and  striated  surfaces.  **  Fine  fibres 
and  strife  give  beautiful  colours  by  interference,  when  single,  be- 
tween rays  reflected  from  their  opposite  sides;  and  when  many 
are  placed  together,  more  complex  colours  are  produced  by  their 
combined  interferences. 

215.  "A  striking  example  of  this  kind  is  seen  in  the  iris  huttow, 
invented  by  Mr.  Barton,  the  surface  of  which  is  covered  with 
minntely-enffraved  parallel  lines,  in  some  instances  not  more  than 
one  10,000m  of  an  inch  apart.  A  phenomenon  very  similar  is 
that  of  the  colours  exhibited  by  the  surface  of  mother-of-pearl. 
This  substance,  when  examined  by  a  powerful  microscope,  is 
found  to  present  a  surface  covered  with  minute  striae  arranged  in 
parallel  waving  lines."f 

Double  Refraction  of  Light, 

216.  Repeated  instances  have  been  already  adduced  of  the  ap- 
pearance of  double  or  multipliexl  images  of  bodies  viewed  through 
transparent  media  ;^  but  these  phenomena  are  all  conformable  to 
the  common  law  of  optics,  which  indicates  the  correspondence 
between  the  angles  of  incidence  and  of  refraction  or  reflection, 
and  the  relation  of  their  sines  to  each  other. 

217*  There  are,  however,  many  cases  in  which  a  different  effect 
is  produced  by  the  transmission  of  light  through  certain  transpa- 
rent substances,  as  some  kind  of  salts  and  crystalline  spars,  plates 

When  would  a  medium  be  found  perfectly  transparent  ? 

WtiHt  other  phenomena  besides  that  of  coloured  rings  depend  on  the 
interference  of  rays  of  light .' 

To  what  purpose  in  Uie  arts  has  the  colorific  effect  of  grooved  surfaces 
been  applied  .' 

Wliat  natural  substance  exhibits  the  effect  of  iridescence  in  consequence 
of  j>os8essing  a  striated  surface  } 

iu  how  many  different  ways  may  multiplied  images  be  produced? 

What  is  the  peculiar  effect  of  those  substances  which  are  denominated 
dovMe  refracting  ? 

*  Kucyclopcd.  Metropol. — Mixed  Sciences,  vol.  ii.  p.  580. 

+  Pow'ell's  Klem.  Treatise  on  Optics,  p.  150.  See  also  Papers  in  the 
PbiioMopliical  Transactions,  1814 and  1829, by  Sir  D.  Brewster ;  and  Abstr. 
of  Papers  iu  Pliilos.  Trans.,  voL  i.  pp.  503—504 ;  and  vol.  ii.  pp.  378^379. 

\  See  108^  ihia  ti  eatise. 
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of  which  havinjir  parallel  surfaces,  when  any  object  is  Tiewed 
through  them  exhibit  a  double  imajne,  instead  of  a  single  one  like 
similar  plates  of  glass.    Such  bodies  are  called  doubly  refrading 
suUtuneet^  and  the  property  they  possess,  double  refraction 
A  B  C  D 


218.  This  mode  of  refraction  ma^  be  experimentally  demon- 
strated by  means  of  a  small  plate  of  Iceland  spar,  or  crystallized 
carbonate  of  lime,  not  more  than  i  of  an  inch  m  thickness.  If  a 
plate  of  glass  be  placed  over  either  or  all  the  preceding  figures.  A, 
b,  C,  D,  each  will  appear  singly,  as  to  the  naked  eye ;  but  if  a 
plate  of  Iceland  spar  be  held  aboYe  one  of  the  figures,  a  double 
image  will  be  perceived,  as  two  dots,  two  circles,  or  two  lines  in- 
stead of  one. 

319.  The  distance  between  the  two  images  will  depend  on 
the  thickness  of  the  plate  of  spar.  If  it  be  i  of  an  inch  tiiick, 
the  images  will  be  so  near  toother  that  the  little  circle  B  will 
look  like  a  figure  of  8.  There  is,  however,  another  circumstance 
which  will  influence  the  relative  separation  of  the  images ;  and 
that  is  the  position  of  the  plate ;  for  if  it  be  laid  flat  on  Uie  paper 
and  slowly  turned  round  horizontally,  one  of  the  images  will  be 
perceived  to  revolve  round  the  other ;  so  that  the  circle  will  in 
one  position  appear  thus  8,  and  in  another  thus  oo ;  and  the  lines  will 
coalesce  and  diverge  successively,  as  the  plate  is  made  to  revolve. 
220.  In  explanation  of  this  phenomenon  it  may  be  stated  that 
a  ray  of  light  on  entering  into  the  transparent  spar  becomes  di- 
vided into  two  portions,  one  of  which  follows  the  ordinary  law  of 
refraction,  as  to  the  ratio  of  the  sine  of  the  angle  of  incidence  to 
that  of  the  angle  of  refraction,  while  the  other  undergoes  a  sepa- 
rate refraction,  according  to  a  new  and  extraordinary  law.  The 
Iceland  spar  consists  of  rhomboidal  crystals,  masses  of  which 
are  always  reducible  by  natural  cleavage  into  exact  rhomboids, 
having  each  of  their  faces  equal  and  similar  rhombs.  These 
are  the  forms  of  the  molecules  into  which  the  mass  can  be  sepa- 
rated by  continued  subdivision ;  and  in  every  one  of  these  rhom- 
boids the  short  diagonal  is  called  the  optical  axis. 

221.  Thus  in  the  annexed  figure  the  diago- 
nal line  C  represents  the  axis  of  the  rhomboi- 
dal solid  A  B.  Now  if  a  ray  of  light  is  trans- 
mitted through  a  crystal  in  the  line  of  its  op- 
tical axis  no  double  image  will  be  formed,  and 
the  ray  will  be  refract^  simply  according  to 
the  ordinary  law  of  the  proportional  sines ;  for 
in  this  case  the  ordinary  and  extraordinary  rays. 

By  whnt  substance  may  this  property  be  exemplified  ? 

What  kind  of  images  ar«  sceu  through  plates  of  Iceland  spar  ? 
W/iat  cireum  stance  <Veterm\T\e%  \\\e  «L\t\w\\\\.  tj^  «e^v«A\Qti  ? 
Of  J  what  do  ilie  relative  vo«\x\on«  o(\\\f&\.'NQ\Taft!^%^'^\\\\ 
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as  they  have  been  termed,  'will  coincide.  But  in  all  other  cases 
the  law  is  essentially  different,  the  ray  becoming  divided,  and 
one  part  of  the  pencil  will  be  refracted,  according  to  a  law  of  a 
▼ery  singular  ana  complicated  nature. 

S33.  A  plane  passing  through  the  axis  is  called  a  principal  sec* 
tion ;  and  if  a  ray  be  incident,  so  that  the  ordinary  refraction  takes 
place  in  the  plane  of  a  principal  section,  then  for  all  the  inci- 
dences, the  ordinary  ray  having  its  index  of  refraction  constant, 
the  extraordinary  ray  will  also  be  in  the  same  plane,  though  with 
an  index  of  refiaction  which  raries  according  to  its  position.  If 
the  ordinary  refraction  be  in  a  plane  perpendicular  to  the  axis,  the 
extraordinaiy  ray  will  also  in  this  case  be  in  the  same  plane,  and 
the  index  of  refraction  of  the  ordinary  ray  remaining  of  course 
constant,  that  of  the  extraordinary  ray  will  also  be  constant.* 

533.  Hence  it  appears  that  both  the  ordinary  and  extraordinary 
rays  have  a  certain  relation  to  the  optical  axis  of  the  crystal ;  **  all 
the  phenomena  being  the  same,  as  though  some  power  emanat- 
ing from  that  axis  hSd.  produced  that  extraordinary  refraction,  by 
separating  a  portion  of  the  light  from  the  original  ray  in  its  trans- 
mission throngh  the  prism,  and  attracting  it  towards  the  axis,  or 
repelling  it  from  it.  Sometimes  the  extraordinary  refraction  is  nega^ 
Uve^  or  a  deflection  further  from  the  axis,  as  in  the  Iceland  spar; 
and  sometimes  it  is  positive,  or  a  deflection  nearer  to  the  axis,  as 
in  common  quartz  crystal ;  but  it  is  always  with  the  axis  that  the 
angle  of  extraordinary  refraction  is  made."f 

534.  A  considerable  number  of  crystalline  substances  are  found 
to  possess  analogous  properties,  though  with  some  modifications, 
depending  on  their  pecnliar  structure.  Thus  some  crystals  have 
only  one  axis  of  douole  refraction,  while  others  have  two  or  more 
such  axes.  Dr.  Brewster  ascertained  that  all  those  bodies  which 
crystallize  in  the  form  of  the  rhomboid,  the  regular  hexaedral  prism, 
the  octaedron  with  a  square  base,  and  the  right  prism  with  a 
square  base,  have  but  one  axis  of  double  refraction ;  some,  like 
the  Iceland  spar,  having  negative  axes,  as  tourmaline,  alum-stone 
sapphire,  emerald,  and  phosphate  of  lime ;  while  a  smaller  num- 
ber, as  quartz,  zircon,  and  oxide  of  tin,  have  positive  axes. 

St36.  Among  the  crystals  which  have  two  axes  of  double  re- 
How  is  the  phenomenon  in  question  explained  ? 

What  is  the  form  of  erysCal  in  the  leelnnd  fpar  ? 

What  is  meant  by  the  optieal  axisof  sneh  a  erjstal  ? 

What  is  meant  by  its  principal  seetion  ? 

How  will  the  two  refractions  take  plaee  where  the  ordinary  refraction 
is  made  the  plane  of  a  principal  seetion  ? 

How  when  it  is  made  in  a  plane  perpendioahir  to  the  axis  ? 

When  is  the  extraordinary  refraetion  negaivve^  and  when  potitive  ? 

Hnw  do  crystals  of  different  substances  vary  from  each  other  in  their 
do«ibly  refracting  power  ? 

What  forms  of  crystal  have  but  one  axis  of  double  refraetion  ? 

■ — ^^ 

*  Powell's  Elementary  Treatise  on  Optics,  p.  121. 
t  Beadlngs  in  Seienee,  p.  148. 
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ftwddan^  are  glaubeiite  and  aalphata  of  iron.  But  with  leapeel 
to  thcMO  bodies,  as  also  the  cr^r*tals  with  maaj  plaaes  of  doabls 
lefiactioii,  and  those  with  cuealar  doable  rraraetion,  &e  efleeti 
follow  a  very  complicated  law ;  and  M.  Franel  made  the  leniatfc- 
able  diseoTerj  that  in  snch  eases  neither  of  theimafes  is  refraetsd 
aeeoidinif  to  the  ordinarj  law*  but  that  both  nnderaro  a  deiiaties 
fnm  thmr  original  plane,  eihibitii^a  sort  of  cosaplicated  doiiUt 
refraction.* 

936.  The  property  of  double  refiraelioQ  wiu  first  diseoferad  ia 
the  Iceland  spar,  hj  Erasmus  BarthdllB,  a  Danish  phUosonher, 
towards  the  close  of  the  ssTenteenth  eentoiy;  it  was  paxtiinilarly 
isTestigated  by  the  oel^raled  Hnjrgens;  and  the  suljeet  has  ia 
oar  own  times  aeqaired  a  peeoliar  intsrest  in  eooseqnenee  of  iti 
intimate  connexion  with  poiarizatioo. 

897.  Coneemiii|r  the  nature  of  Polwfesfte  qf  L^g^  we  JMtt 
only  afford  room  for  Sir  David  Brewster's  condse  aoeoont  of  40 
disoorery  of  this  property  of  lisht,  which  was  made  by  M •  BMos, 
colonel  of  the  imperial  corps  of  engineeis,  who,  in  181Q,  noblidied 
a  most  Talnable  memoir  on  doable  refiraetioni  fiir  which  \»  jntaeA 
the  priae  offered  to  tiie  writer  of  the  best  work  on  that  to^e,  by 
the  Institate  of  France. 

998.  M.  Mains,  **  havinr'  acddmitally  toned  a  doaUy  leftaci* 
ingpitsm  to  die  windows  ratibe  Palace  of  die  Ldxsmbooigv  iriiidi 
were  at  the  time  illuminated  by  the  settinff  aun,  he  was  sorprised 
to  obsenre  that  one  of  the  double  ima||es  of  me  wlsdows  vaniahed  al- 
temateljT  during  the  rotation  of  the  pnsm ;  snd  alter  Taiioos  fruitless 
speculations  oa  the  cause  of  this  sinffular  phenomenon,  he  was 
conducted  to  the  great  discovery,  thai  J^ht  reJUftedataparUeuktr 
angle  from  transparent  bodies^  ia  polarized  Uke  cne  of  the  raye  pro- 
dueed  by  double  refradion, 

999.  '*  This  singular  result  opened  a  wide  field  of  inquiry  to  phi- 
losophers :  and  the  suocessiYe  labours  of  Mains,  Arago,  Biot, 
Fresnel,  and  Cauchy,  in  France;  Seebeck  and  Mitscherlich,  in 
Germany;  and  Youuff,  Herschel,  and  Airy,  in  England — preseot 
a  train  of  research  *1han  which,*  as  a  distingnished  philosopher 
remarks,  'nothing  prouder  has  adorned  the  annals  of  physical 
science  since  the  developement  of  the  true  system  of  the  uni- 
verse,' "f 

What  crystals  have  more  than  one  axis  of  this  kind  } 
What  did  Fresnel  discover  in  renrd  to  the  two  images  fnvied  by  crys- 
tals with  many  planes  of  doable  refraction  ? 
By  whom  was  double  refraction  discovered  ? 
From  what  is  its  greatest  importance  derived  ? 
What  investigation  led  Malus  to  the  discovery  o€  polarixadonf 
What  incident  first  opened  the  way  to  this  discovery  ? 
What  is  the  general  result  at  which  he  finally  arrived  ? 

•  See  Sir  J.  Herschel*s  Discourse  on  the  Study  of  Natural  Philosophy, 
pp.  30 — 33. 

f  Report  on  the  recent  Progress  of  Optics ;  by  Sir  D.  Brew  iter,  in  Be- 
port  of  the  British  Assoeiaiioii  Cov  \^3%^  v*^^^    For  farther  information 
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OFriCAL  INSTRUMENTS. 

S30.  There  are  two  principal  kinds  of  optical  instrumonts ; 
namely,  those  whicli  may  be  more  properiy  styled  dioptrical^  as 
they  consist  of  one  or  more  lenses,  their  effects  dependinrr  on  the 
refraction  of  light;  and  those  called  catadioptrical  \n%XT\xmeni»^  in 
the  constmction  of  which  lenses  and  mirrors  are  combined,  and 
hence  telescopes  of  this  description  haye  been  termed  reflecting 
telescopes,  to  distinguish  them  from  other  telescopes,  whose  pow- 
ers depend  on  refiraction  alone. 

231.  Ilie  perfection  of  these  instruments  must  consist  in  the 
excellence  of  the  lenses  and  mirrors  of  which  they  are  formed,  and 
of  the  accuracy  of  their  arrangement,  so  that  the  axes  of  the  re^ 
spectiye  glasses  may  be  situated  in  a  right  line.  They  must  be 
placed  one  behind  the  other,  at  distances  exactly  calculated  with 
reference  to  their  seyenil  foci.  The  eye  must  also  be  placed  at  a 
fixed  point  for  obseryation.  That  lens  m  a  telescope  or  microscope 
which  is  nearest  the  obsenrer  is  named  the  eye-glass ;  and  the 
lens  or  mirror  which  is  turned  towards  the  object  to  be  examined 
is  named  the  object-glass.  The  eye-glass  is  usually  fixed  in  a 
tube,  and  so  arranged  that  its  distance  from  the  object-glass  may 
be  yaried  according  to  circumstances. 

Spectacles, 

232.  The  employment  of  convex  or  common  spectacles,  or  at 
least  of  single  conyex  glasses  to  assist  the  sight,  must  have  been 
coeval  with  the  knowledge  of  the  magnifying  power  of  convex 
lenses.  The  inyention  of  spectacles  has  been  ascribed  by  some 
to  Alessandro  Spina,  an  Italian,  who  died  in  1313 ;  *  and  accord- 
ing to  others  ttie  inventor  was  a  Florentine  nobleman,  named  Ar- 
mato  Salvini,  who  died  in  1317.f  It  may  not  improbably  be  in- 
ferred, from  these  statements,  that  the  mode  of  adapting  two  con- 
vex lenses  to  a  frame,  so  as  to  form  a  pair  of  spectacles,  originated 
about  the  close  of  the  thirteenth  century.    But  the  magnifying 

Into  how  many  classes  are  optical  instmmcnts  divided  } 
On  what  principles  of  construction  is  this  distinction  founded  P 
On  what  does  their  excellence  depend  ? 

n  wliat  positions  mast  tlie  several  glasses  of  a  telesco*>e  be  placed  in 
respect  to  each  other  ? 

What  names  ai^:  given  to  the  aevcral  glasses  ? 
At  how  early  a  period  were  spectacles  invented  ? 

relative  to  Double  Refraction  and  Polarization  of  Light,  the  reader  is  re- 
ferred to  tlie  Treatise  on  those  subjects  published  by  the  Society  for  the 
Diffusion  of  Useful  Knowledge  ;  and  to  the  very  valuable  Essay  on  Light, 
by  Sir  John  Herschel,  in  the  Encyclopedia  Metropolitana,  of  uhich  a 
French  ti-anslalion,  enriched  with  Notes,  by  MM.  Yerhulst  and  Quetelet, 
has  been  printed  at  Paris. 

*  V.  Redi  Epistola  ad  Falconeriuro. 

t  V.  Acta  Lipsiensla,  Ann.  174a 


tome  rimilw  tmuj'iuont  bodiei  mi 
period,  tboufffa  we  &re  igncmiit  of 
munrtrln  wfakdi  Avviimv  dmo. 
933.  TlienisaTetTTeniHk(tblep«i9&BeiD  a  treatuftoTBogsr 
Baooa  oa  »The  8«ctM  Woiki  of  Art  ud  Nume,"  in  trKuJblia 
Mja,"'I>uispaiaitb«>die*iB«jb«M>fi{i]rad  ihtit  one  thinr  mij 
be  lotdfl  to  appear  maaTi  and  one  man  an  aimj ;  and  aereiu  aan* 
and  moon*  hmt  be  lendeted  Tuible  at  pleafore.  •  «  «  • 
'  *  *  "ntna  alao  thlnga  wbieb  are  a&r  cdf  ma;  be  bronglit  near, 
and  on  tkeeontreij;  >o  that  fnun  an  ineiadilite  diBtance  we  might 
lead  veiy  smalt  letters,  nnJ  dUlingiiuli  theBunbeisof  thtngieot- 
lected  together,  though  exnemel  j  Dumite ;  and  make  tbe  Man  ap- 

Cwken  we  please.*  'HiDa  it  ia  dionght  tliat  Jnliiia  C^m, 
.  the  aea-coasi  of  Gaul,  obaerred  b  j  mean*  ofTei;  Uxge  ^aaaei 
Imteula),  (he  diBpoeitiou  and  aite  u  dm  oanqia  and  town*  ot 
Britannia  Major."! 

S34.  This  celebrated  writei  also  thu  ezpreeaea  himaelf  lelalin 
tntheie&acUonof  light,  in  hia ''OpvsUuoa:"  *' GiMitBi  Ibingi 
ttian  tlkeae  may  be  patfoimad  by  re&acted  riuon.    For  it  ii  eatj 


tfalngi  may  i|ipeaT  exceedingly  M|ial],  asd  oonliaiily. 


pnear  exceedingly  M|ial],  asd  oonlianly.  For  wi 
ngniea  to  trauparaat  bodie*!  and  diapene  tb^  ii 
ith  respect  to  the  eye  and  £he  objecta,  dut  tbe'tayi 


to  nndemtand,  by  tne  e^nona  befbi»4naitioned,  Qiat  the  EieaieM 

ii-  r«« 

such  Older,  with  respect  to  the  eye  and  £he  objecta,  ti 

ahill  be  Tefracled  and  bent  iowarde  any  place  we  please,  bl 

we  shall  Bee  the  object  near  at  hand,  or  at  a  diatance,  noder  any 
angle  we  please;  and  thus  from  an  incredible  distance,  we  may 
Tead  the  smallest  letter,  and  ma;  number  the  smallest  particles  of 
dnsland  sand,  by  reason  of  the  greatness  of  the  angle  ooder  which 
we  may  see  them ;  and  on  the  other  hand,  ws  may  not  be  able  to 
see  the  greatest  bodies  close  to  ns,  by  reason  of  ibe  emalloess  of 
the  angle  under  which  they  may  appear.  For  distance  does  not 
aSect  this  kind  of  vision,  except  by  accident,  hut  tbe  quantity  of 
the  angle  does.  And  thus  a  boy  may  appear  to  be  a  giant,  and  ■ 
man  as  big  as  a  raountain ;  because  we  may  see  a  man  under  as 
large  an  anorle  as  the  mountain,  and  as  near  as  we  please.  And 
thus  a  small  army  may  appear  to  be  a  very  great  one,  and  thougii 
very  far  off,  jet  seera  very  near  us;  and  contrarily.  Thus  like- 
wise the  sun,  moon,  and  stars  may  be  made  to  descend  hither  in 
appearance,  and  be  visible  above  the  beads  of  our  enemies;  apd 
many  Ihings  of  a  similar  nature  may  he  effected  which  would  ss- 
toniah  unskilful  persons." 

235.  From  the  manner  in  which  Bacon,  in  the  preceding  pas- 
sages, nalices  the  effects  of  refracting  substances  in  modifying  the 

Willi  cTiilence  ii  deciied  frODi  uneienl  authort,  proving;  that  Uoiet 
were  known  before  Ihe  iuvenlioD  of  apecUBlw } 

•  Tliii  Qiusl  appareiillr  be  iinderMood  of  a  (eUieope,  or  Hme  meh  io- 
•trunieiii,  bv  tn«iii>  of  vhich  Ihe  ttin  mtj  be  wen  in  broHi)  dsTlighl. 

f  F.pln.  Fr.  R.  Bacon,  de  Si^ereria  Operibu*  Arlti  el  Nalarc,  et  dt 
Nullimte  MigiB.    Hambuis-  IK4.  Ckf.S.  Se BrferienMli PtnpettMi 
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lower  of  visioa,  it  can  hardly  be  doubted  that  gin?le  lenses,  at 
least,  were  sometimes  used  for  other  purposes  than  Uiose  of  mere 
experiment;  though  the  general  employment  of  spectacles  to  as- 
sist the  visual  organs  of  aged  persons  or  others,  may  be  dated 
from  the  beginning  of  the  fourteenth  century,  or  jnst  after  the  pe- 
riod when  they  are  said  to  have  been  invented  at  Florence. 

236.  There  are  two  distinct  kinds  of  spectacles,  namely,  those 
with  convex  glasses,  which  magnify  objects,  or  bring  their  ima^s 
nearer  to  the  eyes ;  and  those  with  concave  glasses,  which  diminish 
the  apparent  size  of  objects,  or  extend  the  limits  of  distinct  vision. 

237.  In  old  persons  the  transparent  cornea  becomes  more  flat- 
tened than  in  youth,  and  probably  the  crystalline  humour  under- 
goes a  corresponding  alteration,  in  consequence  of  which  the  rays 
coming  from  objects  do  not  converge  to  a  focus,  so  as  to  form  a 
distinct  image  on  the  retina,  unless  they  are  relatively  at  a  con- 
siderable distance  from  the  eye.  Hence  it  happens,  as  may  be 
often  observed^  that  aged  persons  when  they  attempt  to  read  or 
examine  a  minute  object,  without  spectacles,  are  usually  obliged 
to  hold  the  book,  letter,  or  other  object  at  arm's  length.  Such 
long-sighted  individuals  are  termed  preabytes,*  The  manner  in 
which  they  may  be  assisted  by  convex  glasses  may  be  illustrated 
by  the  annexed  diagram. 


238.  Let  C  D  be  supposed  to  represent  a  section  of  the  crystal- 
line lens,  and  A  B  a  similar  section  of  a  spectacle  lens,  then  the 
object  O,  at  about  six  inches  from  the  eye,  will  form  a  perfect 
image  on  the  retina,  at  R ;  but  if  the  latter  lens  be  removec!,  the 
object  at  the  same  distance  will  become  confused,  and  in  order  to 
obtain  a  proper  view  it  must  be  withdrawn  to  treble  or  perhaps 
four  times  that  distance,  and  if  it  be  very  small,  the  unassisted  eye 
may  not  be  able  to  distinguish  it  at  any  distance. 

239.  Those  called  short-sighted  persons  are  such  as  have  the 
transparent  cornea  unusually  prominent,  and  therefore  the  rays 

How  are  wu  to  suppose  that  single  lenses  had  been  used  before  the  time 
of  Bacon  ? 

Mow  many  kinds  of  spectacles  are  employed  ? 

What  is  tlie  effect  on  the  size  and  apparent  distance  of  obieets  of  those 
which  have  convex  glasses? 

What  is  tiie  eflVct  of  concave  spectacles  ? 

What  parts  of  the  eye  undei*go  changes  from  age  ? 

To  what  expedient  do  persons  thus  aneoted  have  recourse  in  reading  ? 

What  form  of  spectacle  lenses  do  these  changes  render  uecestary  r 

Explain  tlte  figure  illustrating  the  effect  of  such  lenses. 

*  From  tlie  Greek  n»iTitvi,  an  uUrmiiOGL* 

2M 
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ftom  objects  entering  their  eyes  conyerse  to  s  foeos  bc^ors  Aot 
leeoh  the  retina,  unless  sny  object  be  placeil  rery  near  the  efe»* 
Where  tfiis  peculiarity  of  vision  exists  but  in  a  slig^ht  dc^iee^ 
it  is  rather  an  adrantase  than  otherwise,  as  the  individuals  vs 
thus  gifted  with  a  kind  of  microscopic  sight;  for  they  can  set 
smaller  objects  than  are  commonly  discerned  by  others,  and  ais 
merely  obliged  to  hold  them  relatively  nearer  to  the  eye.  Distut 
objects,  however,  can  onljf  be  seen  confusedly ;  and  hence  the  td- 
Yuntage  such  persons  derive  from  concave  spectacles.  The  na- 
ture m  the  assistance  which  these  glasses  amnd  will  appear  firaai 
considering  die  following  diagram. 


940.  Let  C  D,  as  before,  represent  a  section  of  the  ciyatslliiie 
lens,  &en  the  rays  from  the  object  O  will  be  rendered  somewhat 
divergent  in  their  pamge  through  the  coneaTe  glass  A  B,  so  (list 
the  eftct  of  the  prominent  cornea  on  them  will  to  diminished,  and 
they  will  form  a  perfect  image  on  the  retina  at  R;  whereas  if  the 
concave  glass  were  remov^,  the'  rays  would  come  to  a  fbeai 
before  they  reached  the  retina,  and  diTcrging  again  the  image 
would  be  confused. 

241.  Common  convex  spectacles  and  reading-glasses,  especi- 
ally if  they  magnify  considerably,  have  the  defect  of  deforming 
more  or  less  objects  not  viewed  through  the  centre  of  the  lens. 
For  the  rays  which  issue  from  distant  objects  and  reach  the  eye 
through  the  borders  of  a  lens,  falling  on  it  obliquely,  are  more  re- 
fracted than  the  other  rays,  and  hence  the  images  become  confus- 
ed. To  remedy  this  inconvenience  Dr.  Wollaston  proposed  em- 
ploying concavo-convex  lenses,  with  the  concave  sides  tamed 
towards  the  eyes;  and  spectacles  thus  constructed,  called  peri- 
scopicf  spectacles,  if  accurately  made,  and  adapted  to  the  peculiar 
de^ee  or  long-sightedness  which  they  are  intended  to  relieve, 
will  be  found  far  superior  to  those  constructed  as  usual  with 
double  convex  lenses. 

What  is  the  cause  of  short-sightedness  ? 
What  advantage  is  possessed  by  short-sighted  persons  ? 
What  inconveniences  do  they  suffer  ? 

Whera  is  the  in^age  formed  in  the  eye  of  a  short-sighted  person  ? 
Draw  and  explain  the  diagram  illustrating  the  effect  of  concave 
tacles. 
What  defect  have  convex    spectacles  of  high  magnifying  power  ? 
How  did  Dr.  Wollaston  propose  to  remedy  this  defect  f 


*  Short-sighted  persons  &re  called  in  Latin  Myopet,  from  tlie  Greek 
Mu  »,  to  wink  or  hftlt-shul  \V\e  e.^«\\<\s  vcv^  ui^^^«  «^«. 
f  From  the  Greek,  n»n,  a\iOxA,*,ro\wi^»%vA>«ic»«^\ftV»3su 


INVENTION   OF  THE    MICROSCOPE.  411 

S43.  The  Rsqnimaox,  inhabiting  a  country  covered  with  snow^ 
would  be  snbject  to  a  weakness  of  vision  approaching  to  blindness 
but  for  the  method  they  take  to  guard  their  eyes^  from  the  constant 
stimulus  of  the  bright  white  light  reflected  from  the  objects  around 
them.  For  this  purpose  they  use  a  sort  of  spectacles  which  they 
call  snow^y&t,  formed  of  small  pieces  of  wooa  or  bone,  with  a  nar- 
row slit  in  the  middle,  which  are  fixed  near  the  eyes,  by  strings 
or  thongs  passing  round  the  head,  so  that  no  light  can  reach  the 
eyes,  except  that  which  enters  through  these  apertures.  These 
rude  instruments  not  only  protect  the  wearers  from  the  excess  of 
light,  but  also  enable  them  to  distinguish  more  readily  distant 
objects.* 

243.  Persons  whose  sight  is  so  much  impaired  that  they  find  spec- 
tacles nearly  useless  may  derive  great  benefit  b;]^  viewing  objects 
through  conical  tubes  without  glasses,  but  bavin?  only  a  small 
aperture  at  the  end  furthest  from  the  eve,  and  blackened  in  the 
inside.  Such  tubes  may  be  fitted  into  a  frame  and  worn  like  spec- 
tacles ;  and  they  may  be  rendered  more  serviceable  by  being  so  con- 
structed as  to  be  lengthened  or  shortened,  and  have  the  aperture^ en- 
larged or  diminished  at  pleasure. 

7%e  Mieroacope,-f 

244.  The  transition  from  the  use  of  a  single  lens  to  assist 
vision  to  that  of  combinations  of  lenses  for  viewing  small  objects 
may  be  conceived  to  be  by  no  means  difficult;  yet  it  appears  that 
three  centuries  elapsed  between  the  invention  of  spectacles  and 
that  of  the  microscope.  Huygens  attributes  the  invention  of  the 
latter  instrument  to  Cornelius  Drebbel,^  about  1621 ;  others  to 
the  famous  Galileo,  or  to  F.  Fontana,  a  Neopolitan ;  and  it  is 
extremely  probable  that  the  idea  may  have  occurred  to  diflferent 
persons  engaged  in  scientific  pursuits,  about  the  same  period. 

245.  The  simple  microscope  is  merely  a  single  convex  lens  of 
hi^  magnifying  power ;  and  it  may  consist  of  a  globule  of  glass, 
formed  by  holding  a  small  fragment  of  fiint  glass  on  a  piece  of 
iron  wire,  flattened  at  the  end,  m  the  flame  of  a  spirit-lamp,  and 
letting^  it  drop,  when  fused,  on  a  sheet  of  paper  placed  to  receive 
it.  The  globule  must  then  be  fitted  into  an  aperture  drilled  in  a 
small  plate  of  brass ;  or  if  the  glass  fragment  be  placed  in  the 
first  instance  over  such  an  aperture  in  a  thin  plate  of  platina,  it 

What  expedient  do  the  Esquimaux  adopt  to  screen  their  eyes  from  the 
excessive  light  reflected  from  the  snow  ? 

What  expedient  may  be  adopted  when  the  eyes  are  too  much  weakened 
to  be  aided  by  spectacles  ? 

How  long  did  the  inrention  of  spectacles  precede  that  of  microscopes  ? 

To  whom  lias  the  invention  of  me  microscope  been  attributed  ? 

What  is  the  construction  of  the  single  microscope  ? 

How  may  lenses  for  such  a  microscope  be  constructed  ? 

♦  V.  Sigaud  de  la  Fond  Elera.  de  Phyt.,  t,  iv.  ^\^^ 
t  From  the  Gntek  Utx^^iy  minute,  and  £«oiri«. 
/  See  Treatiac  on  pprimotmca^  No.  51.    Huy^u%"Dte^Vc\«».>  -^^  SflX* 
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may  be  fased  by  exposing  it  to  the  flame,  and  becoming  fixed  in 
tlie  little  hole,  it  will  form  a  microscope  ready  mounted.  Such 
microscopes  must  necessarily  have  very  short  foci,  and  can  there- 
fore be  used  only  for  examining  extremely  minute  objects.  The 
magnifying  power  of  lenses  are  inversely  as  their  focal  lengths : 
thus  a  convex  lens  whose  focal  distance  is  3  inches,  will  increase 
the  linear  dimensions  of  the  image  of  an  object  5  times ;  and  a 
lens  the  focal  distance  of  which  is  1-10  of  an  inch  will  magnify 
01  object  100  times  as  to  linear  extent,  and  10,000  times  as  to  su- 
perficial extent. 

346.  The  compound  microscope 
must  consist  of  two  or  more  con- 
Tex  lenses.  The  object-glass  is  a 
small  lens  of  very  short  focus ;  and 
there  may  be  one  or  several  eye- 
classes.  Among  the  most  usual 
forms  is  the  microscope  with  three 
glasses  :  but  varioos  modifications 
have  been  adopted,  with  a  view  to 
^'  the  improvement  of  these  instru- 
ments, by  forming  both  the  eye- 
pieces and  the  objectives  of  two  or 
more  glasses. 

S47.  The  effect  of  the  compound 
microscope  may  be  described  by 
means  of  the  accompanying  dia- 
gram, which  represents  the  object  A 
D  placed  a  little  beyond  the  object- 
glass  C  D ;  then  the  rays  issuing 
from  it  would  form  an  image  at  A'  B', 
while  the  lens  £  F  diminishes  the 
eonvergrence  of  these  rays,  whence 
it  follows  that  the  image  is  formed  at  A"  B".  This  latter  image 
becomes  the  immediate  object  of  vision,  seen  by  the  eye  through 
the  lens  G  H,  and  therefore  at  A^"  B'^',  greatly  magnified. 

The  Telescope* 

1.    RErRACTINO  TKLESCOnCS. 

348.  The  invention  of  the  telescope  is  usually  stated  to  have 
taken  place  about  1590 ;  but  it  is  manifest  from  the  writings  of 

To  what  pappose  is  the  use  of  a  mieroseope  that  eonstrueted  neeessa- 
rily  limited  ? 

Of  how  many  lenses  mast  ttie  eoropoand  microseope  be  eomposed  ? 

Whieh  is  the  more  eoromon  form  of  this  instrument  }  ^ 

Draw  and  explain  •  diagram  representing  tlie  essential  parts  of  tlie 
compound  microscope. 

What  is  the  purpose  of  the  second  lens  } 

In  what  position  is  the  image  seen  with  reference  to  that  of  the  object  r 

How  early  did  the  invenlion  o«  tVve  XftVewo^^  ocmr  ? 

•  From  the  ^rc«*L  tnv»,  %Si«,«oA  x.Mitv»« 
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^er  Bacon,  already  referred  to,  as  well  as  from  other  soarces 
f  intelligence,  that  the  e^ect  of  comhinations  of  optical  glasses 
last  have  heen  ascertained  by  eicperiment,  long  before  that  period, 
beugh  the  arrangement  of  them  so  as  to  form  telescopes,  and 
beir  general  application  to  the  purposes  of  science  may  be  dated 
rom  Uie  time  just  mentioned.  Accident  is  supposed  to  have  led 
0  the  discovery  of  this  important  instrument,  which  has  been  va- 
ioasly  attributed  to  Zachai^  Jansen,  or  to  John  Lippersheim,  who 
rere  Dutch  spectacle-makers;  and  the  improvements  made  on 
hese  perspective  as  they  were  styled,  by  Galileo,  John  Baptist 
^orta,  Simon  M arius,  and  others,  may  account  for  their  being  some- 
imes  represented  as  the  inventors  of  the  telescope. 

249.  The  most  simple  kind  of  refracting  or  dioptrical  telescope 
s  that  termed  the  astronomical  telescope,  consisting  of  two  con- 
'ex.  lenses,  an  object-glass  and  an  eye-glass,  the  foci  of  which 
concur  in  the  same  point 


^-^w 


Let  A  B  represent  rays  from  some  distant  object,  as  a  star,  then 
be  image  formed  by  the  object-glass  C  D,  being  viewed  through 
he  eye-glass  6  H,  will  have  its  apparent  diameter  magnified  ac- 
ordingly.  Thus,  if  the  object-glass  have  a  magnifying  power 
qual  to  10,  and  that  of  the  eye-glass  be  equal  to  6,  the  object 
nil  be  magnified  to  10  x  6=60  tim'es.  With  such  a  telescope 
le  image  will  be  formed  inverted  with  respect  to  the  object ;  but 
9  it  is  only  used,  as  its  name  implies,  for  surveying  celestial 
odies,  this  defect  is  of  no  importance. 

250.  llie  terrestrial  telescope  invented  by  A.  de  Rheita,  differs 
•ona  the  preceding  in  beinff  furnished  with  two  additional  eye- 
ieces,  so  that  It  has  in  all  K)ur  glasses ;  'and  thus  the  images  of 
bjects  appear  erect,,  and  the  instrument  is  adapted  for  viewing 
hips,  buildings,  &c. 

251.  The  effect  of  common  lenses  in  producing  spherical  and 
hromatic  aberration,  and  the  consequent  imperfections  of  such 
slescopes  as  those  just  described,  have  been  already  pointed  out ; 
s  also  the  methods  of  correcting  such  errors,  with  reference  to 
lie  principles  on  which  achromatic  lenses  are  constructed ;  and 
lierefore  the  subject  need  not  here  be  further  noticed.  For  the 
escription  and  developement  of  the  properties  of  various  modifi- 

Wl»at  name  was  civen  to  the  original  instraments  ? 
What  is  th«e  siiniHcst  form  of  the  instrument? 
Kepreseut  this  by  a  diagram. 

How  will  the  magnifying  power  of  the  simple  telescope  be  computed  ? 
How  will  the  image  be  sittialeU  with  respect  to  its  object? 
How  does  the  terrestrial  telescope  differ  from  the  celestial  ? 
Wliat  is  the  purpose  of  the  two  additional  glaa»e»  \u  X\\\«  vw^Vrocc&fi.wN.'l 

2  H  2 
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cations  of  dioptrical  telescopes,  we  must  refer  the  reader  to  ibe 
works  mentioned  at  the  end  of  this  treatise. 

n.  RErUCCTINO  TELK8C0PE8. 

353.  Newton,  as  elsewhere  stated,  despairing  of  the  discoreiy 
of  a  method  of  forming  achromatic  lenses,  directed  his  attention 
to  the  improvement  of  the  catadioptric  telescope,  invented  bj 
Professor  James  Gregory,  in  which  an  image  formed  by  means 
of  a  concave  mirror,  or  speculum,  is  viewed,  after  a  second  reflec- 
tion, through  a  convex  lens  or  eye-glass. 

A. 


254.  The  preceding  diagram  shows  the  general  construction 
and  effect  of  the  Newtonian  reflecting  telescope,  in  which  the 
concave  metallic  speculum  C  D  receives  the  rays  issuing  from  the 
object  A  B,  which  it  renders  convergent,  and  tnus  forms  a  revers- 
ed image  in  the  plane  mirror  E  F,  inclined  at  an  angle  of  45  de- 
grees; and  this  image  being  reflected  to  rfc,  at  the  focus  of  the 
lens  or  eye-glass  G  H,  is  seen  through  the  aperture  before  it  by 
the  observer. 

254.  In  the  ori^nal  or  Gregorian  telescope,  the  image  is  viewed 
by  looking  towaras  the  object,  as  in  the  refracting  telescope ;  and 
there  are  other  modifications  of  this  instrument,  as  those  of  Casse- 
grain  and  Herschel ;  for  descriptive  notices  of  which  the  works 
mentioned  at  the  end  of  the  treatise  may  be  consulted. 

T7ie  Camera  Obscura, 

255.  The  manner  in  which  images  may  be  formed  in  a  camera 
obscura,  or  darkened  chamber,  has  been  already  described;  but 
there  is  an  instrument  in  a  portable  form,  and  adapted  for  immedi- 
ate use,  which  bears  the  same  designation,  as  its  effects  depend 
upon  the  application  of  the  same  principle  to  practice.  There  are 
also  various  modifications  of  the  portable  camera  obscura,  among 
the  more  convenient  of  which  is  that  represented  in  the  annexed 
figure. 

What  led  Newton  to  the  examination  and  improyeroeut  of  tlie  Gre- 
gorian telescope  ? 

What  is  the  nature  of  that  instrnment  ? 

Explain  the  diagram  relating  to  the  Newtonian  modification  of  Grego- 
ry's insti*ument 

How  is  the  portable  cam^a  objaira  cou%lr«icted  ? 

"^*^at  is  employed  a»  a  »crccu  to  Vf«»:\Ne  ^«  \tKft.<^«\\vi'^\^v^P^> 
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256.  It  consists  of  a  square  box  A, 
\<7ith  a  circular  aperture  in  front, 
into  which  is  fitted  a  short  tube,  a, 
having  at  its  extremity  a  convex 
lens.  This  tube  is  made  to  slide 
backward  or  forward,  so  that  it  may 
be  adjusted  to  the  proper  point  for 
near  or  distant  objects.  Then  the 
"""  rays  O  P,  preceeding  from  any  ob- 

ject passing  through  the  lens,  will  form  an  inverted  image  in  the 
posterior  focus  of  the  lens,  which  being  received  on  a  reflecting 
mirror  £,  inclined  at  an  angle  of  45  degrees,  will  be  thrown  on  a 
plate  of  ground  glass  at  the  top  of  the  box.  The  image  thus  formed 
may  be  traced  on  the  rough  surface  of  the  glass,  by  a  biack  lead  pen- 
cil or  crayon  of  red  French  chalk,  and  afterwards  taken  off  on  paper ; 
or  the  figures  may  be  drawn  on  tracing-paper  placed  on  the  ground 
glass,  through  which  they  will  be  readily  perceptible.  The  lid  of 
Uie  box,  X,  has  two  side  wings,  which  being  raised  when  the  in- 
strument is  in  use,  will  exclude  the  superfluous  light,  and  thus 
render  the  images  distinct. 

257.  The  camera  lucida^  invented  by  Doctor  Wollaston,  is  an 
instrument  analagous  in  its  effects  to  the  preceding,  but  of  smaller 
dimensions,  and  therefore  more  convenient  for  many  purposes,  as 
for  delineating  distant  objects,  and  for  copying  or  reducing  draw- 
ing's. It  consists  essentially  of  a  quadrangular  glass  prism,  by 
which  the  rays  from  an  object  are  twice  renected,  and  thus  form 
an  image  on  a  plane  placed  below  it.  The  prism  is  fitted  horizon- 
tally to  an  axis  on  which  it  turns,  so  that  it  may  be  placed  in. a 
proper  position;  and  the  brass  frame  of  the  instrument  has  usually 
two  lenses  adapted  to  it,  a  concave  and  a  convex  one,  the  former 
to  be  used  by  short-sighted  persons,  and  the  latter  for  long-sights. 
Hiere  are  various  improvements  and  modifications  of  the  camera 
lucida,  the  best  of  wnich  appears  to  be  that  contrived  by  Signer 
Amici. 

77te  Magic  Lantern, 

258.  As  an  amusing  as  well  as  instructive  optical  machine, 
there  is  hardly  any  superior  to  the  magic  lantern,  invented  by 
Father  Kircher.  It  is  composed,  as  shown  in  the  margin,  of  a 
square  tin  box,  containing  a  lamp,  behind  which  is  placed  a 
metallic  concave  reflector;  and  in  fVont  of  the  lamp  is  a  plano- 
convex lens,  which  receives  on  its  plane  surface  the  reflected  light 
of  the  lamp,  &nd  concentrates  it  on  the  object,  which  is  mag- 
How  may  the  images  be  made  permanent  ? 

What  purpose  is  eflfected  by  the  lid  and  iis  sectoral  side-pieces  repre- 
sented in  the  figure  ? 

What  are  the  essential  parts  of  Wollaston 's  camera  lucida  ^ 
By  whom  was  the  magic  lantern  iuTented  P 

What  it  the  purpose  of  the  mirror  in  tliit  apparatus  ?  ' 

Which  ]«na  magnifies  the  image  in  1U\«  \ii%\,ruiii«tu\.> 
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nified  by  another  lens  fitted 
to  the  extremity  of  a  tube 
projecting  from  the  lantern, 
^he  objects  are  painted  on 
thhi  plates  of  fflass,  which 
may  be  passed  through  a 
narrow  opening  in  the  tube 
between  the  two  lenses. 
This  tube  must  be  double 
one  end  moving  within  the 
other,  so  that  3ie  tube  car- 
rying the  outer  lens  may  be 
drawn  backward  or  forward, 
till  the  object  is  in  the  con- 
jugate focus  of  that  lens.  Then  if  it  be  turned  toward  a  vertical 
screen,  a  magnified  image  will  be  formed;  and  the  further  the 
lantern  is  withdrawn  from  the  screen,  the  larger  will  the  object 
appear ;  but  when  the  distance  is  considerable  it  becomes  indis- 
tinct. 

259.  Several  years  ago  an  exhibition  took  place,  conducted  by 
M.  Philipsthal,  and  called  the  Fhanfasmagoria,*  resembling  in  the 
general  principle  on  which  it  was  founded,  the  magic  lantern,  but 
rendered  more  imposing,  by  having  the  objects  painted  on  a  larger 
scale,  and  the  fio'ures  being  projected  on  a  transparent  curtain  of 
gummed  taffeta,  by  which  the  machinery  was  concealed  from  the 
spectators.  Images  to  represent  ghosts,  skeletons,  and  other  ob- 
jects, singular  or  appalling,  were  thus  displayed,  and  for  a  time 
formed  an  attractive  source  of  popular  amusement, f 

IVie  Solar  Microscope, 

260.  This  instrument  differs  from  the  ma^c  lantern  principally 
in  the  nature  of  the  objects  exhibited  by  it,  and  the  manner  in 
which  they  are  illuminated.  This  purpose  is  effected  by  admitting 
the  rays  of  the  sun  ifUo  a  darkened  room,  through  a  lens  placed  in 
an  aperture  in  a  window-shutter,  the  rays  being  received  by  a 
plane  mirror  fixed  obliquely,  outside  the  shutter,  and  thrown  hori- 
zontally on  the  lens.    The  object  is  placed  between  this  lens  and 

On  what  are  the  objects  painted  ? 

AVhat  is  the  necessity  for  a  sliding-tube  in  the  map^ic  lantern  ? 
On  what  circumstance  will  the  size  of  the  image  depend  ? 
In   what  respects  did  Philipsthal 's  phantasmagoria   differ  from   the 
map^ic  lantern  ?  ' 

How  are  objects  illuminated  in  the  solar  microscope  ? 
By  what  means  are  the  sun's  rays  rendered  horizontal  for  tne  purpose 
-  of  this  exhibition  ? 

•  From  the  Greek  *«vt«5/««,  a  spectre,  and  'Aycpse,  an  assembly. 
f  See  Young's  Lectures  on  Natural  Philosophy,  1807,  vol.  i. ;  Brews- 
ter's Nafural  Magic  ;  aiW  Hkev»\w  lY\e  "^cv^rXor^  q^  ^op\»  ^ud  Manufae- 
liires.  First  Series,  No.  95,  in  wVic\\  i»  t^  t^vx  r^^  \W  wv'^«v^i«!C\^stv  ^\  ^«, 
p/ian(A8njagoiiaii  mMchinei-y , Cw  nfVucVi Niu  VYv\\^v^^>^^'^«^ ««^'^\»^w^ 
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another  smaller  lens,  as  in  the  common  microscope;  and  the  mag- 
nified image  thus  formed  is  to  he  received  on  a  screen,  as  in  the 
case  of  the  magic  lantern.  The  mirror  is  sometimes  kept  in  its 
due  position  to  reflect  the  san's  rays  in  a  constant  direction  by  a 
species  of  clock-work  called  a  heliostat, 

261.  Mr.  George  Adams,  an  eminent  optician,  inyented  an  in- 
strument, which  he  called  the  lueemai  mteroacope,  so  constructed 
as  that  objects  could  be  illuminated  by  the  light  of  the  lamp ;  and 
thus  the  microscope  could  be  used  at  any  time,  or  in  any  situation. 
An  improvement  on  this  mode  of  displaying  highly  magnified  im- 
ages of  minute  objects  has  recently  been  adopted,  by  employing 
the  splendid  light  produced,  by  the  combustion  of  oxygen  and 
hydrogen  gases  on  ume ;  and  instruments  have  been  fitted  up  for 
public  exhibition,  presenting  some  of  the  most  ourioos  and  inter- 
esting phenomena  with  wmch  optical  science  has  made  us  ae- 
quainted. 

How  can  the  beam  of  lolar  light  be  kept  tteadilj  on  the  object,  since 
the  ton  It  itielf  appurently  in  notion  f 
What  is  the  peculiarity  of  the  lucemal  microseope  ? 
How  is  the  ozy*hydrogen  blow-pipe  applied  to  microscopic  exhibitions^ 
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ELECTRICITY. 

1.  Among  the  physical  sciences,  there  is,  perhaps,  no  other  fio 
immediately  and  completely  the  result  of  the  researches  of  modem, 
and  especially  of  contemporary  philosophers,  as  Electricity.  It 
is  true  that  the  ancients  were  acquainted  with  one  of  its  grand 
characteristic  phenomena,  namely,  the  property  which  some  bodies, 
under  certain  circumstances,  possess  of  attracting  various  other 
bodies.  Thus  Plato,  Theophrastus,  Dioscorides,  Pliny  the  El- 
aer,  and  other  Greek  and  Roman  writers,  state  that  Amber*  may 
be  made,  by  rubbing  it,  to  attract  very  light  substances,  much 
in  the  same  manner  as  the  lop.d stone  attracts  iron.  Thej  were 
even  aware  that  a  similar  property  belongs  to  jet,  belemnite,  the 
emerald,  jasper,  and  some  other  precious  stones,  f  And  notices 
occur  in  the  writings  of  the  ancients  concerning  other  natural 
phenomena  now  known  to  depend  on  electricity;  but  all  these 

-  are  reported  as  isolated  facts,  which  they  neyer  referred  to  a  com- 
mon cause,  nor  proposed  any  theory  to  explain  and  illustrate  them. 

2.  The  first  attempt  towards  a  generalization  of  phenomena 
which  had  been  so  long  before  observed,  and  to  so  little  purpose, 
was  made  towards  the  end  of  the  sixteenth  century,  by  I)r.  Wil- 
liam Gilbert,  a  physician  who  wrote  a  very  curious  and  original 
treatise  on  the  Magiiet,  and  being  led  by  analogy  to  make  experi- 
ments on  the  attractive  property  of  amber,  he  found  that  the  power 
it  possessed  of  attracting  light  substances,  was  one  which  might 
be  induced  by  friction  in  several  other  bodies ;  and  he  therefore 
regarded  it  as  originating  from  a  common  cause. 

3.  In  the  following  century  the  subject  was  further  investigated 
by  Boyle,  Otho  Gucnicke,  Sir  I.  Newton,  and  others ;  but  though 
they  accumulated  facts,  they  were  not  such  as  were  of  a  nature 
on  which  to  found  general  principles ;  and  what  was  known  of 
electricity  by  no  means  deserved  the  appellation  cf  science. 

4.  In  the  early  part  of  the  last  century,  Dr.  Hauksbee,  a  phy- 
sician, made  many  electrical  experiments,  from  which  he  ascer- 
tained that  glass  was  a  substance  in  which  the  property  of  electric 
attraction  could  be  most  readily  excited  by  friction ;  and  that  some 
other  bodies,  especially  metals,  treated  in  the  same  manner,  mani- 
fested no  electric  power  whatever. 

What  fact  eoncerning  electricity  appears  to  have  been  known  to  the  an* 
"  cients? 

I'Vom  what  does  the  science  derive  its  name  ? 

In  how  many  substances  had  the  ancients  observed  electi'ical  properties  ? 
Who  first  attempted  a  generalization  of  electrical  phenomena  } 
What  names  occur  among  the  cultivators  of  electricity  in  the  seven- 
teenth century  ? 

*  From  HKiKvpovf  the  Greek  i\ame  o(  KtcvWv,  \3(v«  V«.y\a.  Electricity  it 
^derived, 

f  V.  3fu«achenbroekIn«titutionc%PVi^%\w,\'7^*^^^^^>^'J>A'a»- 
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5.  But  the  frrand  discovery,  which  led  to  the  classification  of 
all  material  bodies  under  two  divisions,  as  beinor  either  condactors 
or  non-conductors  of  electricity,  was  made  by  Mr.  Stephen  Grey, 
ft  pensioner  at  the  Charterhouse,  London,  who  died  in  1736.  This 
gentleman,  having*  occupied  himself  with  various  experiments, 
partly  sug'j^ested  by  the  researches  of  Hauksbee,  in  attemptinor  to 
nscertain  how  far  tiie  electric  influence  could  be  propogated  verti- 
cally by  means  of  a  line  connecting  two  bodies,  found  that  when 
«n  ivory  ball  was  suspended  from  an  electrified  glass  tube,  by  a 
rilk  «ord,  the  electric  influence  would  be  distinctly  manifested 
by  the  ball  at  tlie  distance  of  more  than  700  feet ;  but  when  a 
metal  wire  was  used  to  suspend  the  ball,  it  gave  no  signs  of  elec- 
tricity whatever. 

6.  It  likewise  appeared  that  glass,  horsehair,  amber,  and  resin, 
as  well  as  silk,  ana  in  general  all  those  bodies  which  can  be  ren- 
dered electric  by  friction,  also  possess  the  property  of  insula- 
tion, or  preventing  the  escape  of  electricity;  while  metals,  wood, 
linen,  and  water,  nave  no  such  eflect,  suffering  electricity  to  escape 
through  them  into  any  other  bodies  with  which  they  may  come 
in  contact. 

7.  It  had  been  previously  observed  that  light  was  oflen  given 
out  in  the  passa^  of  electricity  from  one  body  to  another  through 
the  air,  when,  in  1744,  Dr.  Ludolf,  of  Berlin,  discovered  that 
ether  could  be  set  on  fire  by  sparks  produced  by  friction  from  a 

flass  tobe :  and  in  1746,  the  discovery  was  accidentally  made  at 
•eyden,  that  the  electric  influence  could  be  accumulated  in  a  bot- 
tle partly  filled  with  water;  and,  by  making  a  communication 
between  the  water  and  exterior  surface  of  the  bottle,  what  is  termed 
an  electric  shock  might  be  communicated :  whence  a  bottle  or  jar 
with  a  metallic  coating,  which  has  the  same  effect  with  water, 
has  been  termed  the  "Ley den  Phial." 

8.  Th'-se  discoveries  led  the  way  to  those  of  Dr.  Franklin,  who 
experimentally  ascertained  what  had  been  before  conjectured,  that 
lightning  is  an  electrical  phenomenon.  The  mode  in  which  he 
conducted  the  investigation  was  by  raising  a  kite,  during  a  thun- 
der-storm, in  June,  1752,  and  havmg  attached  a  key  to  the  lower 
end  of  the  hempen  string,  and  insulated  it  by  fastening  it  to  a 
post  by  means  of  silk,  he  found  that  when  a  thunder-cloud  had 
appeared  for  some  time  over  the  kite,  electricity  was  received  by 
it  and  conveyed  through  the  string  to  the  key,  which  gave  out 

"Wnio  first  divided  bodies  into  eonductors  and  non-conductors  ? 

By  what  experiments  was  Grey  led  to  his  great  division  of  natural 
bodies  ? 

Kiiumcrate  the  bodies  of  each  class  as  he  arranged  them. 

How  early  was  it  discovered  that  electricity  might  inflame  combusti- 
bles ? 

When  and  where  was  the  principle  of  electrical  condensation  disco- 
vered ? 

What  name  was  given  to  the  apparatus  by  which  it  was  effected  ? 

Who  discovered  the  identity  of  lightning  and  electricity  ? 

Describe  the  manner  in  which  this  was  effvclbd. 
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electric  sparks,  on  the  knuckles  of  tlie  liand  being  presented  to 
it.  Science  is  also  indebted  to  Franklin  for  the  construction  of  s 
theory  to  account  for  the  phenomena  of  electricity,  which,  with 
some  modifications,  is  still  reg^ded  as  affording  the  most  satis- 
factory mode  of  explaining  them. 

9.  The  exhibition  of  phenomena  apparently  depending  on  elec- 
tricity, by  the  voluntary  action  of  animals,  in  the  case  of  the  tor- 
pedo and  some  other  fishes,  which  communicate  a  kind  of  electrle 
shock  to  those  who  touch  them,  had  long  been  known,  when  Gal- 
Tani,  professor  of  4inatomy  at  Bologna,  in  1790,  observed  that  the 
contact  of  metals  with  the  nerves  and  muscles  of  a  frog,  recently 
killed,  produced  convulsive  motions,  which  migiit,  for  some  time 
after  the  death  of  the  animal,  be  renewed  at  pleasure,  by  repeating  tlie 
application  of  the  metals.  These  sing^ular  phenomena,  with  oUiers 
of  an  analogous  kind,  were  at  first  supposed  to  depend  on  some 
peculiar  action  of  metals  and  some  other  bodies  on  the  nerves  of 
animals ;  and  regarded  as  constituting  the  foundation  of  a  new 
science,  to  which,  in  honour  of  the  original  discoverer,  was  ap- 
propriated the  appellation  of  Galvanism. 

10.  Some  pbiiosopher<>,  noticing  the  apparent  connexion  of  these 
appearances  with  the  benumbing  power  of  the  torpedo,  and  the 
relation  that  seemed  to  exist  between  the  effects  and  those  arising 
from  electricity,  ascribed  the  former  to  some  peculiar  modification 
of  the  electric  influence,  to  which  they  gave  the  designation  of 
animal  electricity.  However,  the  important  discovery  by  Pro- 
fessor Volta,  of  Pavia,  of  the  electric  effect  of  certain  arrange- 
ments of  different  metals,  forming  what  has  been  since  called  a 
voltaic  pile,  and  sometimes  a  Galvanic  pile,  and  that  of  the  simi- 
larity of  the  effect  of  electricity  accumulated  from  bodies  excited 
in  the  usual  manner  by  friction,  with  the  effect  of  such  a  pile,  in 
causing  the  chemical  decomposition  of  water  and  metallic  oxides, 
contributed  to  the  introduction  of  more  correct  views  of  the  na- 
ture of  electrical  and  galvanic  phenomena,  as  all  depending  on 
the  various  operation  of  the  same  causes,  and  as  belonging  to  the 
same  science. 

11.  Among  the  latest  discoveries  in  natural  philosophy  are  cer- 
tain singular  and  important  facts  which  afford  grounds  for  extend- 
ing the  theory  of  electricity  so  as  to  include  the  rationale  of  all 
those  phenomena  previously  regarded  as  belonging  to  the  separate 
science  of  magnetism,  which,  however,  from  its  connexion  with 

What  did  Franklin  effect  for  the  general  explanation  of  electrical  phe- 
nomena P 

What  knowledge  of  electric  action  excited  by  animals  f)ad  preceded 
the  discoveries  ot  Galvani  ? 

How  early  did  this  philosopher  make  his  grand  discovery  ? 

In  what  elementary  facts  did  that  discovery  consist  ? 

What  name  was  at  first  applied  to  the  phenomena  observed  by  Galvani  ? 

What  investigations  led  to  the  change  of  views  in  regard  to  the  true 
nature  of  Galvanism  ? 
WhRt  has  tfie  science  of  e\ectr\c\\y  >>ee\\  oI\»Xj&  ^«»x^cn\t?oAwlta  com- 
prize  / 
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the  art  of  navigation,  and  m  application  to  practical  pnrpoaea, 
will  ibrm  in  some  measure  a  distinct  subject  of  investigation. 

13.  Tlie  term  electro-magnetism  has  been  adopted  to  desigrnate 
this  class  of  phenomena ;  and  that  of  electro-chemistry  has  been 
ased  with  reference  to  tiie  effect  of  the  electric  influence  on  the 
chemical  composition  of  bodies :  the  manner  in  which  bodies  are 
affected  by  the  irre^lar  distribution  of  heat,  inducing  in  them  or 
dissipatinfir  electricity  or  majgnetism,  has  been  made  the  subject 
of  research,  and  provided  with  a  peculiar  appellation,  in  that  of 
thenno-electricity ;  there  seems  also  to  be  some  mysterious  con- 
nexion between  the  electric  or  magnetic  influence  and  light:  so 
that  it  must  be  obvious  that  the  science  of  electricity  affords  a 
most  extensive  field  for  research ;  and  that  it  is  so  intimately  con- 
nected with  other  branches  of  natural  philosophy,  as  to  claim  the 
closest  attention  from  those  who  are  interested  m  the  progress  of 
physical  science. 

13.  Within  the  limited  spice  to  which  this  sketch  is  restricted, 
it  will  be  impossible  to  attempt  more  than  a  cursory  view  of  the 
most  striking  and  essential  phenomena  of  electricity  or  electro- 
ma^etism,  with  a  few  illustrative  experiments  and  observations 
which  may  furnish  correct  ideas  of  the  present  state  of  our  know- 
ledge, and  enabld  the  young  inquirer  to  study  with  advantage 
works  c^  greater  extent  and  deeper  research. 
•  14.  Electricity  may  be  investigated  under  several  points  of  view. 
1.  With  reference  to  the  sources  of  electric  influence.  3.  With 
respect  to  its  cause,  including  the  developement  of  the  hypothe- 
sis of  electric  fluids,  and  the  properties  ascribed  to  them.  3.  The 
distribution  of  the  electric  fluid  in  bodies  imbued  with  it.  4.  The 
action  of  electrified  bodies  on  those  which  are  in  their  natural  state ; 
and  the  phenomena  of  accumulated  electricity.  5.  The  production 
of  electricity  by  the  contact  of  different  substances ;  or.  Galvanic 
electricity.  6.  The  production  of  electricity  by  heat;  or,  thermo- 
electricity. 7.  The  phenomena  of  electric  currents ;  or,  electro- 
magnetism. 

15.  To  these  might  be  added  several  other  heads  of  inquiry,  as 
regarding  the  effect  of  electricity  on  the  living  bodies  of  animals, 
in  health  or  disease ;  the  investigation  of  the  natural  electricity  of 
marine  animals,  as  the  torpedo  and  gymnotus  electricus;  the 
chemical  effects  of  electricity;  and  the  nature  of  atmospheric 
electrieity,  or  the  causes  of  lightning,  hail,  the  northern  lights,  and 
other  meteorological  phenom?na. 

7%e  Fundamental  Properties  or  Mode  of  Action  of  the  Electric  Fluid, 

16.  S<mie  of  the  usual  effects  of  electric  influence,  such  as  the 
attraction  of  light  bodies  by  glass  tubes  excited  by  friction,  the 

What  is  meant  by  the  terms  electro-magnetism  and  electro-ohemistrr? 
What  is  meant  by  the  term  thermo-eleotrieity  ? 
Under  how  many  and  whataspeets  may  electrieity  be  re^ia«4K» 
What  incidental  inqairies  are  connected  ^\\h  \\,«  tcoau  wnxi^^^  ^  ^ 
r9$tignUoa  / 

2  N 
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prod  action  of  sparks  of  fire  under  certain  cirenmstances,  and  other 
phenomena,  hare  been  mentioned  as  owingr  their  ori^n  to  a  com- 
mon cause,  the  investi^tion  of  which  forms  the  snoject  of  that 
branch  of  natural  philosophy,  constituting'  the  science  of  electri- 
city. Like  the  essential  causes  of  light  and  heat,  that  of  electri- 
city can  only  be  inferred  from  observation  and  experiment. 

17.  But  in  order  to  trace  with  accuracy  the  operations  of  this 
powerful  agent,  and  elucidate  its  mode  of  action,  some  hypotheti- 
cal principle  may  be  advantageously  assumed,  by  means  of  which 
the  phenomena  may  be  connected  and  accounted  for,  as  resulting 
from  its  influence  under  any  given  circumstances.  Hence  the 
existence  of  an  ethereal  fluid,  either  identical  or  analagous  with 
that  on  which  depend  the  phenomena  of  light  and  heat,  may  be 
admitted ;  and  the  term  electricity  or  electric  fluid  may  be  em- 
ployed to  designate  it. 

18.  But  we  should  carefully  avoid  considering  it  as  a  palpable 
form  of  matter,  the  existence  of  which  can  be  directly  demon- 
strated. Instead  of  which,  it  should  be  regarded  as  merely  a  con- 
venient method  of  explaining  certain  appearances,  and  showing 
their  mutual  relations,  so  that  we  may  be  enabled  to  contemplate 
them  in  connexion  with  each  other. 

19.  Dr.  Franklin  advanced  a  theory  of  electricilr  by  means  of 
which  he  accounted  for  the  phenomena  as  depending'  on  the  ac- 
tion of  a  particular  fluid,  existing  in  all  bodies,  and  of  which  each, 
according  to  its  capacity,  possessed  a  relatively  greater  or  smaller 
ouantity.  When  this  fluid  is  in  a  state  of  equilibrium,  or  equally 
distributed  among  two  or  more  bodies  in  communication  with  each 
other,  it  is  quiescent,  and  no  particular  effects  are  perceived  ;  but 
if  the  equilibrium  be  destroyed,  as  by  the  contact  of  a  body  in  a 
different  electrical  state,  a  new  distribution  takes  place,  and  vari- 
ous phenomena  may  arise  from  the  passage  of  electricity  from  one 
body  to  another.  Thus  the  phenomena  were  supposed  to  depend 
on  the  excess  or  defect  of  the  electric  fluid;  those  bodies  which 
were  overcharged  with  it  having"  a  tendency  to  impart  it  to  others, 
and  those  in  which  it  miffht  be  less  abundant  to  receive  it. 

20.  It  farther  appeared  that  bodies  in  a  similar  state  of  electri- 
city, whether  of  excess  or  deficiency,  always  attracted  each  other; 
while  bodies  similarly  electrified  constantly  repelled  each  other; 
the  terms  positive  and  negative  electricity  were  therefore  adopted  to 
designate  the  states  of  bodies  as  to  the  quantities  of  electric  fluid 
contained  in  them;  those  in  which  it  was  supposed  to  exist  in 

How  can  we  arrive  at  a  comprehension  of  the  caase  of  electi'ical  phe- 
nomena ? 

What  assumption  is  it  necessary  to  make  in  speaking  of  eleetrie  action  f 
How  are  we  required  to  restrict  the  meaning  of  the  term  electric ^itid? 
What  supposilion  was  adopted  by  Dr.  Franklin  to  account  tor  electrical 
effects? 

What  was  meant  hy  elcetrieal  equilihrium,  according  to  that  theory  P 
Wlitit  obvioDS  phenomenon  «&«  observed  to  occur  between  bodies  in  the 
two  opposite  states  ? 
When  uas  a  body  said  to  be  fjositiwlij  e\ee.\x\SieA>   ^V«v  w2a«reA<j> 
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excess  being  termed  positively  electrified  bodies,  and  those  in 
wbich  the  quantity  was  relatively  deficient  negatively  electrified 
bodies. 

81.  This  theory  acconnts  satisfactorily  for  some  of  the  most 
important  phenomena,  but  there  are  others  to  which  it  appears 
to  be  inapplicable ;  in  consequence  of  which,  though  once  gene- 
rally received,  it  is  now  almost  entirely  abandoned,  and  has  been 
replaced  by  an  hypothesis  originally  proposed  by  Mr.  Symmer, 
an  American  philosopher,  who  ascribed  the  appearances  observed 
to  the  existence  of  two  kinds  of  electric  fluia,  and  tlieir  separate 
or  united  influence  under  various  circumstances. 

23.  Accordinf  to  this  system  all  bodies  in  nature  contain  elec- 
tric fluid ;  and  me  earth  itself  is  to  be  regarded  as  an  immense 
reservoir  of  electricity.  This  fluid  is  supposed  to  consist  of  a 
combination  of  two  distinct  ethereal  essences,  which  neutralize 
each  other ;  and  it  is  only  when  they  are  separated  that  electrical 
phenomena  are  observed.  Thej  may  be  separately  collected,  and 
thus  made  to  display  their  distmct  properties ;  but  they  manifest 
a  strong  disposition  to  reunite,  and  it  is  principally  at  the  instant  of 
reunion  that  the  most  striking  appearances  are  exhibited ;  for  their 
combination  paralyzes  their  several  powers,  and  the  compound 
fluid  becomes  perfectly  quiescent  and  ineffective. 

23.  To  these  fluids  English  philosophers  have  generally  given 
the  names  of  positive  and  negative  fluids,  borrowing  in  part  the 
phraseology  of  Franklin.  In  France,  however,  the  former  has  been 
termed  the  vitreous  fiuid^  because  it  is  that  which  is  commonly 

Sroduced  by  the  friction  of  glass;  and  the  latter  has  rcciived  the 
esignation  of  resinous  fluids  as  it  is  in  the  same  manner  exhibited 
by  the  friction  of  resin  or  sealing-wax :  though,  as  will  be  subse- 
quently shown,  the  positive  or  vitreous  fluid  may  be  rendered 
active  by  rubbing  resin,  and  the  resinous  fluid  on  the  contrary 
produced  from  the  friction  of  glass;  the  eflects  depending  partly 
on  the  nature  of  the  substances  applied  to  the  glass  or  resin  re- 
spectively, and  being  modified  by  the  relative  temperature  of 
bodies,  and  other  circumstances. 

34.  One  of  the  most  simple  yet  at  the  same  time  important 
experiments  to  show  the  effect  of  bodies  in  different  states  of 
electricity  may  be  performed  by  means  of  a  glass  tube,  about 
three  feet  in  length,  and  three-quarters  of  an  inch  in  diameter;  on 
rubbing  which  with  a  dry  silk  handkerchief,  it  will  become  ex- 
cited with  positive  electricity;  and  if  a  light  downy  feather,  quite 
clean  and  dry,  suspended  from  a  silk  thread,  be  held  near  the 

How  does  the  system  of  Symmer  differ  from  that  of  Franklin  ? 

What  tendency  have  the  two  opposite  eleelrioitiea  in  regard  to  a  neu- 
tral eoiidition  ? 

What  names  do  English  writers  commonly  apply  to  the  two  eleetrici- 
ties  f 

What  terms  are  in  use  in  France  and  other  countries  on  the  continent 
of  Europe  ? 

What  experiment  demonstrates  the  effect  of  oppositely  electrified  bo- 
dieii } 
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tabe,  it  will  be  immediately  attracted  and  adhere  to  it;  but  if  it 
be  then  withdrawn,  still  held  by  the  silk  line,  and  not  suffered  to 
come  in  contact  with  any  other  body,  it  will  be  found,  on  again 
bringing  it  near  the  tube,  to  be  repelled,  instead  of  being  attracted 
as  before. 

35.  These  appearances  are  to  be  explained,  as  depending  en 
the  feather  hann?  been  imbued  with  negatiye  electricity  in  the 
first  instance,  and  therefore  becoming  attracted  by  the  positiTely 
electrified  tube,  which  haying  communicated  a  portion  of  its 
electricity  to  the  feather,  sufficient  to  neutralize  its  former  electri- 
city, and  brin^  it  into  the  poeitiye  state,  both  bodies  become 
similarly  electnfied,  and  therefore  mutual  repulsion  takes  place, 
manifested  by  the  feather,  as  being  by  fxt  the  lighter  body,  flying 
off  from  the  tube. 

26.  Let  a  large  stick  of  red  sealin^wax  be  rubbed  with  dry  warm 
woollen  cloth,  and  it  will  be  peroeiyed  that  the  suspended  feather 
presented  to  it  will  be  first  attracted  and  then  repelled,  as  in  tiw 
former  case.  But  if  the  feather,  after  having  been  positiyely 
electrified  by  contact  with  the  excited  glass  tuM,  be  presented  to 
the  sealing-wax,  it  will  not  be  repellM,  as  it  would  be  by  the 
tube,  if  again  presented  to  it,  but  would  be  more  strongly  attracted 
by  the  sealinff-wax,  than  when  in  its  natural  state,  plainly  de- 
monstrating &at  since  it  has  been  positiyely  electrined  by  the 
glass,  the  sealing-wax  which  now  attracts  it  must  be  in  a  neg»* 
tiye  state.  This  experiment  may  be  reyersed  by  presenting  vie 
feather  in  its  natural  state  to  the  excited  sealing-wax,  and  then 
bringing  it  near  the  glass  tube,  by  which  it  would  be  instantlT 
attracted ;  for  haying  been  negatiyely  electrified  by  contact  with 
the  sealing-wax,  it  attaches  itself  to  the  positiyely  electrified  tube. 

27.  It  has  been  obsenred  that  wheneTer  electricity  is  exjcited 
by  the  friction  of  one  bod^  against  another,  both  kinds  are  pro- 
duced, the  one  body  becoming  negatively,  and  the  other  positively 
electrified.  Thus  when  glass  is  rubbed  by  silk  or  flannel,  nega- 
tive electricity  is  excited  in  the  rubber,  while  the  ^lass  becomes 
positive ;  and  if  sealing-wax  or  resin  be  rubbed  with  flannel  or 
woollen  cloth,  the  negative  electricity  excited  in  the  resin  or  wax 
will  be  accompanied  by  the  developement  of  positive  electricity 
in  the  woollen.  Polished  glass  acquires  positive  electricity  from 
friction  with  almost  all  substances  except  the  back  of  a  cat,  which 
renders  it  negatiye ;  but  if  ground  glass  be  rubbed  with  silk  or 
any  of  those  substances  which  excite  positive  electricity  in  smooth 
glass,  it  will  become  negatively  electrified,  and  the  rubbing  bodies 

III  what' manner  is  the  experiment  to  be  explained  f 

What  difference  in  the  eleetrie  state  of  a  light  insulated  body  will  be 
manifested  after  touching  it  with  excited  sealing-wax,  from  that  whioh 
arises  from  the  use  of  a  gl^ss  tube  ? 

What  two  effects  must  always  be  produced  when  two  bodies  are  robbed 
lo^ether  to  produce  electricity  f 

Enumenle  some  of  the  Bub«>tance»iihieh,  when  used  together,  take  op- 
poaite  eJeetrieal  states. 

Wlukt  fubstance  may  render  ^oWiftked  ^«LM«e|^^^«> 
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will  be  poBitively  electrified.  So  sea1iiig<-wax,  when  nibbed  a^insi 
an  iron  chain,  if  the  sudace  of  the  former  be  smooth,  it  will  be 
excited  with  negative  electricity ;  but  if  its  surface  be  previously 
roaghened  with  scratches,  it  will  become  positively  electrified. 

28.  Hence  it  appears  that  the  ezcitenfent  of  one  kind  of  electri- 
city or  the  other  aepends  much  on  the  surfaces  of  bodies ;  and 
therefore  it  may  be  conceived  that  the  electric  fluid  is  chiefly  dis- 
posed on  the  external  parts  of  solid  bodies.  As  two  surfaces 
robbed  against  each  other  acquire  opposite  kinds  of  electricity,  it 
might  be  expected  that  they  would  attract  each  other,  and  that  is 
always  found  to  be  the  case.  If  a  black  and  a  white  ribbon,  each 
abont  a  yard  in  lengrth,  and  perfectly  dry,  be  applied  together,  and 
tUtn  drawn  several  times  between  the  finger  and  thumb,  so  as  to 
rub  against  each  other,  they  will  be  found  to  adhere,  and  if  sepa- 
rated by  pulling  one  end  from  the  other,  they  will  fly  together 
a^ain.  While  Siey  remain  united  they  manifest  no  sign  of  elec- 
tncity;  for.  being  m  opposite  states,  they  neutralize  each  other; 
but  if  completely  separated,  eaeh  will  exhibit  its  peculiar  electri- 
city, those  bodies  being  attracted  by  the  one  ribbon  which  are 
repelled  by  the  other. 

29.  When  the  experiment  is  made  in  a  dark  room,  fl^hes  of 
light  are  perceived  from  the  surfaces  of  the  ribbons,  together  with 
a  rustling  noise.  The  black  ribbon  in  this  case  will  be  found  to 
be  negatively  electrified,  and  the  white  ribbon  positively.  By 
taking  ribbons  from  the  same  piece  and  of  equal  length,  and  draw- 
ing one  of  them  lengthwise  at  right  angles  across  the  other,  the 
former  will  acquire  positive  and  the  latter  negative  electricity. 
The  fri.-tion  of  liquids  or  gases  against  solid  bodies  will  excite 
electricity ;  and  the  ef^ts  of  contact,  pressure,  or  friction  of  any 
one  body  against  another  will  in  some  degree  produce  the  same 
effect,  the  appearances  being  variously  modified  according  to  cir- 
cumstances. 

30.  The  following  substances  become  positively  electrified  if 
rubbed  with  either  of  those  mentioned  after  them,  and  on  the 
other  hand  when  one  of  these  substances  is  rubbed  with  either  of 
those  named  before  it,  the  substance  rubbed  becomes  negatively 
electrified;  1.  The  back  of  a  cat.  2.  Polished  glass.  3.  Wool 
and  woollen  cloth.  4.*  Feathers.  6.  Dry  wood.  6.  Paper. 
7.  Silk.    8.  Gum  lack.    9.  Ground  glass. 

31.  It  has  been  already  stated  that  some  kinds  of  substances 
freely  transmit  electricity  to  bodies  in  contact  with  them,  or  suffer 
it  to  escape  through  them ;  while  others  retain  it,  or  prevent  its 

On  what  does  the  particular  state  which  any  body  shall  take,  when 
ruhbefl,  appenr  to  depend  ? 

How  may  the  developement  of  electricity  by  differently  coloured  rib- 
bons 1>e  exhibited  ? 

Why  will  not  two  pieces  of  silk,  when  oppositely  electrified  and  placed 
topfcthrr,  show  signs  of  electricity  ? 

How  may  liquids  and  aeriform  bodies  be  m&de  to  exe\\e  ^^.^VcwNVj  > 
■   State  theonicr  in  which  the  several  electncs beeotnc  c\\\\«t  ^wwt* 
negative  Mcconling  lo  llw  substance  with  which  lV\e"j  «Lve  Tu\>\i^^. 
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passage :  the  fonner  are  named  amdudon  of  electricity,  and  tbe 
latter  rwn^-conduetors, 

32.  Among  solid  bodies,  the  metals  are  generally  excellent  con- 
ductors, and  yet  they  appear  to  be  very  unequal  as  to  their  powers 
of  conduction ;  linen,  straw,  and  wood  charcoal  are  likewise  good 
conductors;  while  glass,  resins,  sulphur,  silk,  wool,  sogar,  ftt, 
and  various  other  substances  are  either  non-conductors,  or  possess 
the  conducting  power  in  a  ver^r  imperfect  degree.  Most  kinds  of 
wood  when  quite  dry,  an^hanimal  fibres  deprived  entirely  of  the 
juices  they  naturally  contain,  become  nearly  absolute  non-condoe- 
tors;  but  in  their  fresh  state  they  conduct  electricity  freely,  doubt- 
less inconsequence  of  the  liquid  matter  with  which  they  are  pene- 
trated. Hence  the  bodies  of  men  and  other  animals  suffer  As 
electric  fluid  to  pass  through  them  with  great  facility. 

33.  All  liquid  substances,  except  fat  ofis,  are  good  conductors, 
though  not  equally  so ;  for  essential  oils,  and  spirit  of  wine  do 
not  conduct  electricity  so  readily  as  water;  and  the  latter  fluid 
has  its  conducting  power  augmented  by  combination  with  acids 
or  saline  substances. 

34.  Air  and  all  gaseous  fluids,  when  free  from  moisture,  are  bad 
conductdrs,  and  the  more  dense  they  are  the  grreater  will  be  their 
resistance  to  the  passage  of  electricity  through  them.  Atmos- 
pherical air,  therefore,  in  dry  weather  becomes  a  non-condurtor; 
but  when  charged  with  moisture,  as  from  a  fog,  the  electric  fluids 
traverse  it  more  readily.  Temperature  also,  as  might  be  concluded, 
influences  its  conducting  power,  which  is  greatly  augmented  by 
heat. 

35.  Those  bodies  which  are  good  conductors  of  the  electric  fluids 
may  be  excited  by  friction  as  well  as  the  non-<;onductors,  but  the  ef- 
fects produced  will  depend  on  the  circumstances  in  which  they  are 

■*  placed.  Thus  a  cylinder  of  brass,  or  any  other  metal,  grasped  by 
the  hand,  if  rubbed  with  silk  or  flannel,  will  be  perfectly  inert,  not 
displaying  any  attractive  power,  like  rubbed  glass  or  sealing-wax, 
when  brought  near  to  a  light  feather.  But  if  a  handle  of  baked 
wood  or  glass  be  fixed  to  a  metal  cylinder,  so  that  it  may  be  held 
without  touching  the  cylinder  itself,  and  the  latter  be  rubbed  with  a 
dry  silk  handkerchief,  or  piece  of  flannel,  it  may  be  readily  excited, 
generally  manifesting  negative  electricity,  and  it  will  act  on  the 
feather  accordingly.  In  such  a  case  the  electricity  is  prevented 
from  passing  off  from  the  metal,  through  the  body  of  the  person  who 

What  gives  rise  to  the  distinction  of  bodies  into  conductors  and  noo- 
conductors  ? 

What  bodies  are  araong^  the  best  conductors? 

What  are  some  of  the  bodies  which  naay  change  their  character  ac- 
cording to  the  state  in  which  they  happen  to  be  tried  ? 

What  liquids  are  bad  conductors  of  electricity  ? 

What  power  of  conduction  has  dry  air  ? 

What  influence  has  heat  on  the  conducting  power  of  air  ? 

Under  what  circumfttanceft  toia^  «.  tac^XaUic  cylinder  be  excited  by  nib- 
bing  ? 
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holds  it,  by  the  insulating  or  non-ooodiictingr  handle  of  dry  wood  or 
glass. 

36.  From  the  power  which  the  most  perfect  non-conductors 
possess  of  preventing  the  escape  of  the  electric  fluids  from  con- 
anctors  supported  by  them,  they  have  been  termed  insula  fort,  and 
as  they  most  readily  exhibit  electricity  by  friction,  they  have  also 
been  called  eketriea^  while  the  appellation  of  rum-^lectricB  has  been 
applied  to  the  metals  and  other  freely-conducting  substances. 
These  terms,  however,  can  hardly  be  considered  as  correct,  since 
bodies  differ  more  essentially  in  their  power  of  retaining  electri- 
city &an  in  their  capacity  for  receiving  it ;  and  hence  the  more 
obyions  distinction  between  conductors  and  non-conductors. 

37.  In  making  experiments  relative  to  the  accumulation  or  trans- 
fer of  the  electric  fluids,  it  is  necessary  to  use  instruments  so  con- 
strocted  as  that  a  conducting  body  may  be  supported  and  thus  in- 
sulated by  means  of  a  non-conductor.  On  this  principle  is  formed 
that  necessary  part  of  electrical  apparatus  called  the  prime  conduo' 
tor,  usually  consisting  of  a  brass  cylinder  fixed  horizontally  by 
one  or  more  rods  or  thick  tubes  of  glass  to  a  wooden  stand. 

38.  It  may  be  inferred  from  the  experiment  with  a  glass  tube 
and  an  insulated  feather,  that  any  body  capable  of  free  motion,  on 
approaching  another  body  powerfully  electrified  will  be  thrown 
into  a  contrary  state  of  electricity ;  and  thus  a  feather  brought 
near  to  a  g^lass  tube  excited  by  friction  is  attracted  by  it,  and  there- 
fore previously  to  its  touching  the  tube  negative  electricity  must 
have  been  induced  in  it:*ana  on  the  other  hand,  if  a  feather  be 
brought  near  excited  sealing-wax  it  will  be  attracted,  and  conse- 
quently positive  electricity  must  have  been  induced  in  it  before 
contact.  Hence  it  appears  that  electricity  of  one  kind  or  the  other 
is  generally  induced  in  surrounding  bodies  by  the  vicinity  of  a 
highly  excited  electric.  This  mode  of  communicating  electricity 
by  approach  is  styled  induction, 

39.  When  an  electrified  body  thus  causes  electricity  in  another 
by  induction,  the  effect  extends  only  to  that  part  of  the  surface 
of  the  latter  body  immediately  opposite  to  the  former,  while  the 
other  extremity  will  exhibit  a  contrary  state  of  electricity. 

This  may  be  shown 
^  O  ^  by  means  of  a  brass 


wire  A,  in  the  annexed 
figure,  moving  freely  on 
a  pivot,  and  supported 
by  a  glass  tube  E ;  and  a 
brass  cylinder  or  con- 
ductor B,  similarly  sup- 
Whence  tiHs  tlie  term  iiuiilcUor  been  derived  ? 
To  what  is  electric  Applied  ? 

How  are  we  to  Arrange  conductors  and  non-conductort  for  the  purpose 
of  showing  the  aceumuiation  of  electricity? 

Into  what  electrical  state  is  any  body  brought  by  bei^g  plaeed  near  ons 
which  has  already  been  electrified  ? 


3> 


How  is  this  exemplified  ? 
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ported,  and  placed  within  a  few  inches  of  the  extremity  of  dia 
wire  C,  carrying  a  small  ball  of  pith  of  elder. 

40.  If  the  conductor  be  positively  electrified,  the  ball  C  will 
become  negative,  as  may  be  shown  irf  approaching  to  it  an  ex- 
cited stick  of  sealing-wax,  by  which  it  will  be  repelled ;  while 
the  ball  D  will  be  attracted  by  the  sealine^waz,  and  mast  there- 
fore be  in  a  positive  state  of  electricity.  In  this  case  the  wire  A 
is  said  to  be  in  an  tlectro-polar  atate,  having  a  negative  pole  C  op- 
posite to  the  positively  electrified  conductor,  and  a  positive  pole 
D,  at  its  opposite  extremity.  Such  an  arrangement  might  be  car- 
ried to  any  extent.  Thus  if  another  brass  wire  similarly  insulated 
and  armed  with  pith  balls  were  to  be  placed  near  the  extremity  D, 
the  ball  opposite  to  it  would  be  negatively  electrified,  that  at  the 
other  end  positively,  and  so  on. 

41.  The  instrument  above  described,  or  mounted  brass  wire 
with  its  balls,  forms  a  convenient  electroscope,*  to  indicate  the 
electrical  states  of  bodies;  and  as  such  it  was  proposed  by  the 
French  philosopher,  Hauy.  On  the  same  principle  depends  the 
action  oi  the  more  simple  electroscope,  consisting  of  two  small 
pith  balls  suspended  by  a  fine  linen  thread  or  silver  wire  to  the 
extremity  of  an  insulated  conductor.  When  such  an  instrument 
is  electrified,  the  two  balls  necessarily  acquiring  the  same  kind  of 
electricity  will  separate  from  each  other ;  and  the  nature  of  their 
electricity  may  be  ascertained  l^  presenting  to  them  an  excited 
glass  tube,  which,  if  they  are  positively  electrified,  will  make 
them  more  divergent,  if  negatively  will  draw  them  nearer ;  and 
with  a  stick  of  excited  sealing-wax,  the  reverse  eflects  would  take 
place. 

42.  A  more  delicate  instrument  for  estimating  the  kind  of  elec- 
tricity is  that  called  Bonnet's  gold-leaf  electrometer,  composed 
of  two  small  slips  of  gold  leaf  suspended  within  a  glass  jar,  which 
!)y  their  divergence  or  collapse  on  the  approach  of  an  electrified 
body  to  a  brass  ball  connected  with  them  by  a  wire  passing  through 
the  neck  of  the  jar,  indicate  that  its  electricity  is  similar  or  con- 
trary to  that  of  flie  gold  leaves.  An  arc  of  a  circle  graduated 
may  be  so  placed  as  to  show  the  relative  extent  of  the  divergence  of 
the  leaves,  according  to  the  degree  of  electricity  in  the  body  pre- 
sented to  the  electrometer. 

43.  Another  very  delicate  electrometer  is  that  called  the  electric 
balance,  invented  by  M.  Coulomb ;  in  which  the  force  of  electri- 

What  name  is  given  to  (his  mode  of  excitinff  electricity  ? 
In  what  state  are  the  opposite  ends  of  a  eonductor  thus  electrified  ? 
Describe  the  apparatus  by  which  this  effect  is  demonstrated. 
In  what  state  is  the  body  electrified  by  induction  said  to  be  ? 
Can  a  body  electrified  by  induction  communicate  an  electi'ical  excite- 
ment to  another  insulated  body  ? 

What  use  did  Hauy  make  of  the  wire  and  balls  insulated  on  a  pivot  ? 
What  other  similar  apparatus  depends  on  the  same  principle  ? 
Describe  Bennet's  gold-leaf  electrometer. 

*  From  the  Greek  hxixt^ov,  ^we  p.  \V^^,  s^tvA  x».%ii%«,  >o  ^^»ks^^ 


ml  repnlriotit  knd  kUtBctioai,  ia  meaflDred  by  the  kirtlon  of  ■ 
»)re  i  and  others  have  been  coDtrived,  by  meana  of  which  the 
UDOnnt  of  electric  reppUion  may  be  ascertained  end  measured  on 
a  ffradnated  ecale.  From  experiments  with  the  electric  baUnne 
it  taaa  been  concluded  that  the  influence  of  electricity,  like  that 
of  gn^TilatioQ,  ii  in  the  inTerse  ratio  of  the  squares  of  the  distance! 
of  the  aetuifT  bodie* 

EleetTieal  Initrumenti  and  Eiperimml*. 

44.  Electrlclnis  uBnally  developed,  in  order  to  show  Its  eOecU, 
by  the  friction  of  glass.  The  earlier  eiectriciftng,  in  the  prosecu- 
tiOD  of  their  researches,  merely  used  glaaa  tubes  or  other  non- 
cooductors,  held  in  one  hand  and  rubbed  with  silk  or  flannel. 
Dr.  Haaksbee  made  an  improvement  on  this  tedious  process,  by 

'  lobe  so  that  it  miafat  be  made  to  revoWe  con* 

;  and  Professor  Winkler  of  Leipsio,  contri- 
buted greatly  to  render  the  apparatus  useful  and  convenient,  by 
affixing  a  cushion  of  soft  leather  stuffed  with  horaehair,  so  that  by 
the  preaanre  of  a  spring  il  might  rub  against  the  revolving  globe. 

45.  Such  »n  arrangement  as  that  jujst  described  constitutes  an 


.  is  modifications  of  this  instrumeiit  may  be  reckoned  that  invented 
by  Mr.  Naime,  a  malhemaUcal  instrument  maker,  as  represented 
in  the  fidlowing  figure.  It  oonsists  t^  a  giaas  cyUnder,  C  C,  from 

10  to  16  inches  in  diameter, 

and  about  Iweu^  inches  in 
.  lengUi,  supported,  so  that  it 
g  may  turn  on  its  axis,  on  two 
r  pillars  of  glass,   fixed   to  a 
wooden  stand.   Two  metallic 
conductors,   P   N,   equal   in 
length   to   the  cylinder,  and 
about  one  third  of  its  diameter, 
are  fixed  parallel  with  it,  od 
I   either  side  upon  two  glass  pil- 
lars, which  are  cemented  into 
two  separate  pieces  of  wood, 
sliding  in  grooves  so  that  they 
may  be  respectively  adjusted 
at  any  dislancee  fnnn  ^e  cy- 
linder required.     To  one  of 
these  Gondneton,  N,  is  attached  a  cushion  an  inch  and  a  half 
wide,  and  about  aa  long  as  the  cylinder,  against  which  it  nay  be 
made  to  press  by  means  of  a  bent  spring;  and  to  the  upper  part 
On  what  principle  «■■  Coulomb'i  Ionian  bulinee  gomtraclsd  i 
How  il  elwtri«i(f  tdqiI  eoamonlj  deTeloped  > 
How  VH  Ihii  eSeeted  hr  tfa*  early  eleelrleiini  > 
What  improTcmenti  *Ere  nude  hr  IUuk>l>ee  end  Winkler  I 
Deicribr  Ihe  enentiil  parts  of  Nairae'i  de«trtM\  Ibkdunc 
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of  it  is  sewed  a  flap  of  oiled  silk,  which  extends  loosely  over  the 
cylinder,  to  within  an  inch  of  a  row  of  brass  pins  or  pointed  wires 
proceeding  from  the  side  of  the  opposite  conductor.  The  condae- 
tor  to  which  the  cushion  is  attached  is  called  the  neeatiTe  con- 
ductor, and  the  other,  which  by  means  of  its  points  collects  eleo- 
tricity  from  the  glass,  is  named  the  positive  conductor,  and  also 
the  prime  conductor.  The  cylinder  may  be  made  to  revolye,  in 
the  direction  of  the  silk  flap,  simply  by  a  winch  fitted  to  it,  or  by 
a  multiplying  wheel,  W. 

46.  In  order  that  Uie  machine  may  be  worked  with  the  greatest 
effect,  the  cylinder  and  every  other  part  mnst  be  made  perfectly 
dean  and  dry  ;  and  as  may  be  supposed,  it  displays  the  greatest 
power  when  the  air  around  it  is  quite  free  from  moisture.  To 
augment  the  efficacy  of  the  machine,  it  is  usual  to  apply  to  the 
cushion  an  amalgam  of  zinc  and  tin,  made  by  melting  together  one 
part  of  tin  and  two  of  zinc,  and  mixing  them  in  a  heated  iron 
mortar  with  six  parts  of  hot  quicksilver ;  and  after  the  compound 
has  been  reduced  by  trituration  to  a  powder,  it  must  be  made  into 
a  stiff  paste,  with  pure  ho^'s  lard. 

47.  When  it  is  requisite  to  obtain  positive  electricity,  the 
cushion  or  negative  conductor  must  be  comieeted  with  the  wooden 
stand  of  the  machine  by  a  chain  or  wire ;  and  thus  the  electric 
equilibrium  of  the  nibber  is  restored,  by  the  earth,  as  fast  as  it  is 
disturbed  by  the  action  of  the  machine;  but  the  opposite  positive 
conductor  being  insulated  cannot  return  to  a  state  of  equilibrium 
except  by  the  action  of  the  wire.  If  it  be  required  to  produce  ne- 
gative electricity,  the  cushion  must  be  insulated  by  removing  the 
chain,  and  attaching  it  to  the  prime  conductor  P,  whence  the  posi- 
tive electric  fluid  will  pass  to  the  earth,  amd  the  conductor  N  will 
become  negatively  electrified. 

48.  There  is  another  form  of  the  electrical  machine,  consisting 
of  a  circular  glass  plate,  fitted  up  so  that  it  may  be  made  to  re- 
volve between  two  rubbers.  It  is  a  powerful  instrument;  and, 
when  properly  made,  is  easily  adaptea  for  producing  positive  or 
negative  electricity.  In  both  forms  of  the  machine  the  quantity 
of  electricity  developed  in  a  given  time  will  depend,  other  things 
being  equal,  on  the  extent  of  surface  rubbed,  and  the  goodness  of 
the  insulation  by  which  the  reunion  of  the  two  electricities  can  be 
prevented.  The  intensity  or  striking  distance  of  electricity,  in  a 
machine  of  either  form,  must  depend  on  the  distance  between  the 

What  names  are  given  to  the  two  conductors  with  which  that  machine 
js  furnished  ? 

What  is  the  object  of  the  wheels  and  band  in  this  apparatus? 

What  precautions  are  necessary  to  insure  the  efficacy  of  an  electrical 
machine  ? 

What  substance  is  applied  to  augment  the  action  ? 

What  adjustment  of  parts  will  yield  positive  electricity  ? 

How  may  the  negative  electricity  be  exhibited  ? 

On  what  will  the  quantUt/  of  electricity  depend,  in  any  machine  of  • 
given  form  ? 

To  what  will  the  intetuitj;  be  vv^^V^T^^^^ft^^. 
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mbbar  and  the  oollectingf  pointe,  that  is,  in  general,  on  tjie  diame" 
tar  of  the  plate  or  cylinder.* 

49.  M.  Beudant  has  described  a  machine  that  has  the  advan- 
tige  of  being  less  costly  than  those  of  glass,  and  exempt  from  injury 
by  accident.  It  may  be  constmcted  by  taking  two  yards  of  var- 
nished taffeta,  and  sewing  together  firmly,  with  a  flat  seam,  the 
two  ends,  so  as  to  make  it  like  what  is  called  a  jack  towel ;  and 
it  is  then  to  be  stretched  over  two  wooden  rollers,  one  of  which 
being  turned  with  a  winch,  the  taffeta  will  pass  continuously  over 
them,  cushions  of  hare  or  cat  skin  being  placed  so  as  to  rub  against 
it;  and  a  conductor  with  points  may  be  placed  near  its  surface  to 
collect  the  electricity  produced.f 

50.  When  an  electrical  machine,  as  above  described,  with  a 
glass  cylinder,  has  been  properly  prepared,  and  during  a  dry  state 
of  the  atmosphere,  if  the  cylinder  be  made  to  revolve  with  a  cer- 
tain degrree  of  velocity,  sparks  and  vivid  flashes  of  light  will  be 
perceived  passing  over  the  surface  of  the  glass,  from  the  cushion 
to  the  conductor;  and  if  the  knuckle  be  presented  to  the  conduc- 
tor, sparks,  with  a  sharp  report,  will  proceed  from  it  to  the  knuckle, 
causing^a  peculiar  and  slightly  disagreeable,  but  momentary  sensa- 
tion. The  light  is  supposed  to  be  occasioned  by  the  sudden  com- 
pression of  the  air,  by  the  transit  of  the  electric  fluid ;  and  it  is 
accompanied  by  the  developement  of  heat,  for  gunpowder,  alcohol, 
fulminating  silver,  and  other  highly  inflammable  bodies  may  be 
set  on  Are  by  means  oi  the  electric  spark. 

51.'  The  operation  of  the  electrical  machine  depends  on  the 
glass  becoming  positively  electrified  by  friction  against  the  rub- 
ber, when  the  cylinder  or  plate  is  put  m  motion,  and  the  rubber 
or  cushion  consequently  becoming  negatively  electrified.  The 
positive  electricity  thus  acquired  by  the  glass  is  regularly  attracted 
and  carried  off  by  the  metallic  points  of  the  prime  conductor,  in 
which  it  becomes  accumulated.  But  if  both  conductors  be  insulated, 
80  that  the  cushion  connected  with  the  negative  conductor  cannot 
continue  to  derive  electricity  from  the  earth  or  surrounding  objects, 
it  will  soon  cease  to  afford  electricity  to  the  other  conductor  by 
means  of  the  glass  cylinder.  In  order,  therefore,  that  the  supply 
may  be  kept  up,  it  is  requisite  that  either  the  cushion  or  the  con- 

Whftt  construction  bus  Beudant  proposed  for  an  electrical  machine  f 
What  is  supposed  to  be  the  cause  oi  electrical  light  } 
On  what  does  the  operation  of  the  machine  depend  ? 
What  takes  place  when  hotli  conductors  are  insulated  r 

*  For  an  experimental  investigation  of  this  and  other  subjects  con- 
nected with  the  action  of  electrical  machines,  the  reader  is  referred  to 
tlie  25th  volume  of  Prof.  5illlroan*s  American  Journal  of  Science,  p.  57. 
—En. 

t  Traite  Elem.  de  Phys.,  p.  570.  The  idea  of  Beudant  is  sometimes 
realized  in  the  action  of  raaeninery  driven  by  broad  leather  bands  moving 
rapidly  over  pullies.  As  there  is  a  considerable  amount  of  friction,  and  as 
boili  leather  and  wood  beeome  dry  and  warm,  eleeti*ical  sparks  may  be 
obtained.— Ed. 
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ductor  should  oommuiiieate  with  the  earth,  or  with  the  floor,  by 
some  ffood  conducting  medium,  as  a  metal  chain  or  wire- 

53.  Hence  it  appears  that  the  electricity  of  either  condaetor 
must  he  extremely  weak,  when  both  of  them  are  insulated;  that 
if  one  conductor  alone  be  insulated,  the  power  of  the  other  will  be 
proportionally  augmented ;  that  the  cushion  and  the  fflass  miwt 
alwa^  be  in  opposite  states,  the  one  bein^  positive  and  the  other 
negative ;  and  that  the  opposite  electricities  are  exactly  in  that 
proportion  which  will  cause  them  when  combined  to  nentraliia 
each  other.  The  effects  produced  by  the  positive  conductor,  or 
that  opposed  to  the  cylinder,  will  be  similar  to  those  of  an  excited 
glass  tube ;  and  the  effects  of  the  negative  conductor,  or  that  coo* 
nected  with  the  cushion  wiU  correspond  with  those  of  an  ex- 
cited stick  of  sealing-wax. 

53.  If  two  suspended  pith  balls  be  attached  to  either  conductor^ 
they  will  be  observed  to  repel  each  other,  manifesting  the  same 
kind  of  electricity ;  but  if  one  ball  be  attached  to  the  positive,  and 
another  to  the  negative  conductor,  they  will  attract  each  other.  I^ 
however,  the  two  conductors  be  connected  by  a  metal  rod,  their 
opposite  electricities  will  neutralize  each  other,  and  no  signs  of 
either  state  will  be  exhibited. 

54.  The  passage  of  a  spark  indicates  the  annihilation  of  the 
opposite  states  of  electricity  previously  existing  in  the  bodies 
between  which  the  spark  passes,  and  which  has  been  already 
shown  to  be  the  effect  of  induction  on  the  approach  of  bodies  to* 
wards  each  other.  Thus,  the  knuckle,  when  presented  to  the  posi- 
tive conductor,  becomes  negatively  electrified;  and  when  the 
opposite  electricities  thus  induced  become  sufficiently  intense,  the 
appearance  of  the  spark  announces  that  the  state  of  excitation  is 
terminated. 

-55.  The  most  important  phenomena  depending  on  the  principle 
of  induction  are  those  arising  from  the  accumulation  of  electricity. 
This  is  what  takes  place  in  using  the  electrical  jar,  or,  as  it  has 
been  termed,  the  Leyden  phial,  Uie  property  of  which  was  acci- 
dentally discovered  by  Professor  Musschenbroek,  of  Leyden,  or, 
according  to  some  writers,  by  M.  C  uncus.  Its  mode  of  action 
may  be  readily  exhibited  by  taking  a  glass  bottle  nearly  filled 
with  water,  and  placing  it  in  a  basin  of  water ;  a  chain  or  rod  of 
metal  must  be  passed  into  the  bottle  below  the  surface  of  the  wa- 
ter, and  continued  from  it  to  the  positive  conductor  of  an  electrical 
machine,  and  another  chain  must  have  one  end  immersed  in  the 
water  of  the  basin  surrounding  the  bottle,  and  the  other  end  trail- 
ing on  the  floor,  or  connected  with  the  cushion. 

WliRt  will  be  the  electrical  condition  of  both  conductor s  when  both  are 
insulated  ? 

In  what  proportion  are  the  oppoMte  electricities  alwayt  found  ? 

What  phenomenon  will  two  pith  balls  exhibit  when  suspended  to  either 
conductor  of  the  machine  ? 

Wliat  docB  the  passage  of  a  s^rk.\ud\e«.V&^ 
How  nmy  the  Leyden  phial,  in  \U  mtov'V^uV  tovm^V^  «&CWak^\ 
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6,  On  taming  the  maehinp,  the  eleclrical  fluid  teeeired  by  the 
conductor  will  paii  fraro  it  by  means  of  the  chain  or  rod  to  the 
tnterior  of  the  bottle,  where  it  will  be  accumalated ;  and  in  order 
to  diHcharga  it,  a  com mun [cation  must  be  made  between  the  rod 
or  chain  proceeding  from  the  bottle,  and  that  ioitnereed  in  the 
buin;  and  thna  the  confined  electricitj  will  make  iu  escape.  A 
person  grasping  the  latter  chain  with  one  hand,  and  tooohing  the 
other  or  the  condactoi  with  which  it  is  connected  with  the  other 
liand,  would  receire  the  whole  chaige  of  the  phial,  coDBtituting 
what  is  teimed  an  electric  shock. 


fi7.  It  was  in  this  manner  Chat  Musschenbroek  undoubted); 
became  practically  acquainted   with   the  efl'ect  of  accumulal 


dly 
ited 
eleclrioitj  ;  and  the  sensation  he  experienced  ao  strongly  impresa- 
ed  him  that,  in  a  letter  on  the  subject  which  he  ^dressed  to 
Reanmur,  he  said  the  crown  of  France  would  be  but  a  feeble  iit- 
dncement  to  expose  himself  to  the  haiard  of  receiTing  sneh 
another  shock.*  The  sensalion  canaed  by  the  discharge  of  an 
electric  jar  Is  not,  however,  so  (brmidable  as  might  he  supposed 
from  the  alarm  of  the  alleged  discoverer;  and  unless  the  Jar  be 
large  and  highly  charged,  the  shock  will  only  occasion  a  momen- 
taiT  painful  feelings,  much  resembling  that  caused  by  suddenly 
striking  Ate  elbow  against  a  hard  substance,  but  more  transient. 

53.  A  more  couTenient  form  of  the  Leyden  pbial  than  that  Juat 
described  consists  of  a  wide  mouthed  jar,  coated  outside  and  inside 
with  tinfoil,  to  within  about  two  inches  of  the  lopj  having  a 
wooden  cover,  fitted  into  the-  mouth  like  a  cork,  and  pierced  so 
that  a  Btron?  brass  wire  may  pass  through  tlie  cover,  tenninating 
below  la  a  ^sin  in  contact  with  the  inner  coaling  of  the  jai,  and 
haviag  at  the  other  end  a  brass  knob  or  ball.  A  jar  or  bottle  with 
a  narrow  neck,  as  represented  in  the  margin,  may  be  used,  hut  as 
in  that  case  it  can  be  coated  only  on 
the  outside,  it  must  be  filled  with 
some  metallic  substance,  as  mer- 
cury, or  steel  filings,  as  high  as  tlie 
coating  B  reaches;  or  moderately 
I  warm  water  may  be  poured  into  it 
whenever  it  is  wanted  for  use.f 

69.  A  jar  may  be  electrified  by 
placing  it  near  the  positive  conduc- 
tor of  a  machine,  with  which  the 
knob  A  mnstbe  in  contact;  and  then, 
on  turning  the  cylinder,  ^e  electric 
I  fluid  will  pass  from  the  conductor 
:i  the  jar,  in  which  it  will  become 
accumulated ;  and  in  order  to  dis- 
How  it  (he  diKhii-ge  of  the  pliial  to  be  effccled  f 

•  libe*  Htft.  Philot.  del  Pros.  ■>«  '■  Phfiique,  L  iii.  p.  141. 
T  For  ■  dcHription  of  ■  sonTenlenl  meihodoEftuaE  km«^w«o>!A«^ 
Id  the  inude  of  ■  phlil,  lee  Dr.  Olinthus  Grwon'*  \*i»wi»,  K*iwiIwS- 
«/ anif /ftjfoMipfiW,  Ml  adtt.  IBU,  p.  l«r. 
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charge  it  a  bent  or  jointed  wire  must  have  one  extremity  placed 
against  the  oater  coating  of  the  jar,  and  the  other  heing  ad- 
vanced towards  the  kn^,  nearly  the  whole  charge  wiU  es- 
cape from  the  inside  of  the  jar,  Uirough  the  wire,  to  the  outer 
coating.  A  curved  brass  wire,  called  a  discharger,  is  sometimes 
fitted  up  with  a  knob  at  each  end,  C,D,  and  a  glass  handle;  but 
the  jar  may  be  safely  discharged  by  the  bent  wire  only,  as  the 
fluid  will  pass  wholly  through  it  wiuout  affecting  the  person  who 
uses  it.  In  charging  the  jar  care  must  be  taken  that  the  exterior 
coatinfljbe  allow^  to  take  the  state  opposite  to  that  of  the  inte» 
rior.  This  may  be  perhaps  most  conveniently  effected  by  con- 
necting the  outside  of  a  jar  or  battery  when  undergoing  the  ope- 
ration, immediately  with  the  rubber  of  the  machine ;  then  con- 
necting the  prime  or  positive  conductor  with  the  interior  the 
charging  will  proceed  with  entire  success,  thouffh  the  jar,  the 
machine,  and  even  the  person  who  works  it  be  peifectly  insulated 
from  the  ground.  By  connecting  the  rubber  with  the  interior, 
and  the  positive  conductor  with  the  exterior,  the  battery  will  be 
charged  internally  with  negative  electricity. 

60.  As  the  effect  of  the  electrical  jar  will  be  proportioned  in 
part  to  the  quantity  of  coated  glass  it  contains,  and  in  part  to  the 
thinness  of  the  plass,  it  must  be  obvious  that  its  power  will  great- 
ly depend  on  its  size.  Very  large  jars,  however,  would  be 
awkward,  inconvenient,  and  liable  to  be  broken  by  slight  shocks 
if  very  thin,  as  well  as  highly  expensive.  Hence  means  have 
been  contrived  for  combining  any  number  of  jars,  so  that  they 
may  be  all  charged  at  the  same  time,  and  discharged  with  equal 
facility  as  a  single  jar.  This  may  be  effected  by  forming  a  con- 
nection between  all  the  wires  proceeding  from  the  interiors  of 
the  jars,  and  also  connecting  all  their  exterior  coatings;  and  such 
an  arrangement  is  styled  an  electrical  battery.  The  discharge  of 
electricity  from  such  a  combination  is  accompanied  by  a  loud  re- 
port; and  when  the  number  of  the  jars  is  considerable,  animals  may 
DC  killed,  metal  wires  be  melted,  and  other  effects  be  produced  by 
the  discharge  of  the  battery,  analagous  to  those  of  lightning. 

61 .  By  means  of  an  electrical  machine  a  vast  number  of  curious 
and  interesting  experiments  may  be  performed,  a  few  of  which 
may  be  here  described. 

The  effect  of  electricity  in  producing  the  divergence  of  tufts  of 
hair  is  sufficiently  amusing.  This  may  be  shown  by  placing  a 
person  on  a  stool  with  glass  legs,  so  thnt  he  be  perfectly  insulated, 


What  account  did  the  discoverers  of  the  Leydeu  phial  give  of  their 
Mtion  on  receiving  the  shock  ? 
What  rorm  of  this  apparatus  is  most  convenient  in  practice  ? 
How  nnay  such  a  jar  be  charged  ? 
What  apparatus  nnay  be  used  in  the  discharge  ? 

On  what  two  circumstances  in  the  construction  of  a  jar  will  its  effioieney 
depend ? 
How  if  the  neoeuity  of  uftiuf;  '^en  'Vfttt^  >>^^  ^V\s\fcM 
What  if  an  eleotrleal  bnUeTy  \ 
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«id  DMldDS'  him  hold  in  hU  hand  b  bnM  rod,  the  other  and  of 
witich  touches  the  poeitiTe  coDdoetor;  theo  on  taming  the  mo- 
didne,  the  hairs  of  the  bead  will  divewe  in  all  directions.  The 
Mine  effect  may  be  more  perfectly  exhibited  bj  means  of  ui  arti- 
Aeial  head,  of  small  dimenaions,  with  hair  g'tued  to  it,  and  fixed 
OD  a  brasa  wire,  which  is  to  ba  placed  on  the  condoctor. 

69.  The  electriosl  bells  [tariUon  tkdrigue,  as  designated  by 
the  French)  consist  of  a  number  of 
small  bells,  as  represented  in  the  annex- 
ed figure,  snspended  from  the  eondne- 
tor  by  braes  chains,  wi^  a  ball  to  act 


A 


beinr  connected  with  the  table,  so  that 
its  elecbricitj  is  neatralixed  as  &at  as  it 
j^K.  is  Teeeired.  Thns  the  insulated  ball 
^''^'^  will  Tibrate  backwards  and  forwards  al- 
ternately atrikinf  the  electrified  and  non- 
electrified  bell,  when  tbe  machine  is  pat 

63.  Hie  dancing  figOMS,  as  shown  in  the  margin,  may  be  eat 
out  of  writing  paper ;  and  each  figntee,  or 
any  other  lignt  bodies,  placed  on  a  brass 

Elate  B,  connected  with  the  ground,  and 
aring  another  brass  plate  A,  suspended 
at  a  little  distance  above  it,  from  Ihe  prima 
conductor,  will  rapidly  dance  when  the  op- 
per  plate  is  electrified. 

64.  The  efiect  is  obvioDsly  cansed  by 
the  flgnrea  being  atbacted  by  Ui«  electrified 
plate  and  immediately  after  repelled,  and 


non-elecmfied  plate,  thei 
(ceive  a  new 
thns  the  dance  is  continued. 


,  «aln 


Elate,  they 
arge,  aid 


n  which  bnildinga  t. 


injnmd  when  ttmck  bv  ligtitniDg,  or  the  accumulated  electricity  of 
Ab  atmoephere,  may  be  instroetiTelT  elucidated  bv  means  of  the 
apparatus  delineatml  in  the  fbllowtDg 


heoae.  It  consists  of  a  triangular  piece  of  mahogany,  which  may 
repreeent  tme  end  of  a  house  or  bam :  in  tbe  centre  a  small  square 
piece  is  fitted  loosely  into  a  corresponding  cavity;  and  diagonslly 


low  U  Iht  diti 


w  of  the  hair, 


U  Iht  ditcrnnae  of 

, jd  by  cleetrillnUoii 

Deieribc  (be  eleetrieil  chime  of  bEllt. 
How  it  ttie  eleetrlotl  danee  to  be  expliined  I 
Whit  ■pparatu*  iUuHnlei  Ihr  effect  of  k\t^in( 
en? 


■imiUr  eSbel)  on  the  perMn, 
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knob  of  a  charged  iar,  with  the  outside  oi 
which  ie  connected  a  chain  attached  to  the 
brass  wire  B ;  thus  the.  jar  ¥rill  be  dis- 
charged, and  its  electricity  will  pass 
throuffh  the  knob  and  wire  A  to  B; 
but  the  interruption  occasioned  by  the 
position  of  the  square  in  the  centre  will 
cause  it  to  be  forcibly  diiven  from  its 
place.  If,  howeyer,  its  position  be  alter- 
ed, so  that  the  wire  C  D  may  eommuni- 
cate  with  A  and  B,  forming  a  part  of  the 
same  electric  circuit,  the  miid  will  pass 
through  the  wire  C  D  without  displacing  the  square. 

66.  It  is  thus  that  the  highest  point  or  points  of  a  building  being 
struck  by  lightning,  if  the  passage  of  the  electric  fluid  be  inter- 
rupted, b]^  non-conducting  or  imperieetly  conducting  bodies,  they 
may  be  displaced  with  yiolence,  injured,  or  destroyed ;  but  if  the 
electric  fluid  oan  pass  readily  through  a  good  conductor,  as  a  thick 
metal  rod,  it  will  be  conveved  into  Sie  earth  without  haxard  of  the 
safety  of  the  building.  Hence  the  utility  of  conductors  alfixed  ta 
towers  and  other  lony  edifices.  In  piaciice,  the  ligfatnins  rod 
must  be  furnished  with  a  sharp  point  instead  of  the  haU  exhu>ited 
at  the  top  of  Uie  model. 


GALVANISM. 

67.  Tbe  effects  of  electricity  depending  on  the  accumulation  of 
the  electric  fluids  by  the  friction  of  non-conducting  bodies  hsThig 
been  pointed  out,  we  shall  next  attempt  to  explain  those  pheno- 
mena which  appear  to  be  caused  by  circulating  currents  of  those 
fluids,  prodttceci  by  the  contact  of  bodies  in  different  states  of 
electricity,  and  especially  bv  the  contact  of  metals  and  other  good 
conductors.  Phenomena  of  this  nature  constitute  the  objects  of 
that  branch  of  physical  science  termed  Galvanism  or  Galyanio 
elec^city,  from  the  discoveries  of  Professor  Galvani  of  Bologna; 
and  sometimes  Voltaism,  or  Voltaic  electricity,  from  the  sulMe- 
quent  researches  of  Professor  Volta  of  Pavia,  who  made  great  ad- 
ditions to  our  knowledge  of  the  subject,  with  reference  both  to 
facts  and  theory. 

68.  The  earliest  notice  which  has  been  observed  of  any  phe- 
nomenon attributable  to  Galvanism,  occurs  in  a  work  entitled  *'  A 

In  what  form  must  the  termiix«tion  of  a  lightning  rod  be  } 
What  is  meant  by  Ea\vam«n\ } 
From  vhom  doc»  tnal  »c\civc^  i\evv\c  vx%  w^vw^  \ 
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General  Theory  of  Pleasures,'*  published  in  1767,  by  John  George 
Salzer,  a  German  writer  of  some  eminence  on  philology  and  meta^ 
physical  philosophy.  He  states  that  when  two  pieces  of  different 
metals  are  applicKi  to  the  upper  and  under  surfaces  of  the  tongue,  and 
then  brought  into  contact,  a  peculiar  taste  will  be  perceived.  Sulzer 
made  an  abortive  attempt  to  account  for  this  curious  fact,  which 
seems  to  have  attracted  no  particular  attention  till  a  later  period, 
when  further  discoveries  led  to  the  inference  that  it  ought  to  be 
regarded  as  depending  on  electricity. 

69.  Professor  Galvani,  already  mentioned,  about  1790,  acciden- 
tally made  the  discovery  that  the  transmission  of  a  small  quanti^ 
of  electricity  throuffh  £e  nerves  of  a  frog,  shortly  after  the  death 
of  the  aninud,  womd  excite  muscular  contractions  in  its  limbs. 
And  he  afterwards  found  that  similar  contractions  could  be  pro- 
duced, by  touching  the  muscles  of  the  leg  of  a  dead  frog  with  one 
metal,  and  the  nerves  belonging  to  them  with  another,  and  then 
bringriiMr  the  metals  into  contact. 

70.  This  singular  effect  of  electricity  may  be  experimentally 
exhibited,  by  preparing  the  hind  limbs  of  a  frog 
as  represented  in  the  margrin.  The  skin  being 
removed,  the  crural  nerves,  C  D,  may  then  be 
perceived  issuing  from  the  spine,  A  B,  and  re- 
sembling two  white  threads ;  a  silver  wire,  E,  is 
to  be  passed  under  the  nerves,  and  a  small  plate 
of  zinc,  F,  to  be  laid  on  the  muscles  of  Uie  thighs ; 
then  on  bringring  the  metals  into  contact,  either 
directly,  or  by  a  bent  silver  wire  passing'  from 
one  to  the  other,  the  limbs  will  be  effected  with 
convulsive  twitching,  which  may  be  re-excited 

at  pleasure  for  some  time,  by  suspending  and  renewing  the  contact 
of  the  metals. 

71.  Similar  phenomena  may  be  produced  by  treating  in  this 
manner  any  animals ;  but  cold-blooded  animals,  as  frogs,  toads, 
serpents,  and  fishes  retain  their  excitability  longer  than  those  with 
>varm  blood,  though  experiments  made  with  the  latter,  under 
proper  arrangements,  have  a  more  imposingr  appearance.  Live  ani- 
mals also  display  signs  of  sensibility  to  Uie  influence  of  galvan- 
ism; and  expenments  may  thus  be  made  with  live  flounders, 
which  may  readily  be  procured  in  any  place  near  the  sea-coast. 
If  a  flounder  be  laid  in  an  earthenware  plate,  on  a  slip  of  zinc, 
and  a  piece  of  silver  or  gold  placed  on  its  back,-  on  connecting 
the  zinc  with  the  other  metal,  by  a  bent  wire,  strong  muscular 
contractions  will  be  excited  in  the  fish. 

Wliat  phenomena  attributable  to  electric  currents  excited  bj  metalt 
were  obsei'ved  by  Sulzer  ?  .  * 

What  was  the  nature  of  Galvani's  original  discovery  ?        . 

What  was  the  second  point  ascertained  by  his  experiments  f 

How  may  this  be  exhibited  ? 

What  classes  of  animals  ai-e  best  adapted  for  exhibiting  the  effect  of 
muscular  contraction  after  death  ? 

How  may  the  Galvaoio  effect  be  prodooed  lu^ha  oawb  ^  iL\vivGi%^\AifBai\\ 

2  o2 
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79.  In  these  and  analagoas  experiments  it  is  leqnisiie  that  the 
separate  pieces  of  metal  should  he  of  different  kinds ;  and  the 
effects  are  most  striking  when  one  metal  is  readily  solnhle  in 
acids,  as  is  the  case  with  zinc,  and  the  other  difficnltly  soluhlet 
as  silver,  gold,  or  platina.  Hence  two  insoluhle  metals,  as  jrold 
and  platina,  applied  as  above  directed,  have  hardly  any  effect; 
while  gold,  platina,  silver,  or  copper,  may  be  advantageonsly  op- 
posed to  zinc,  tin,  or  iron,  to  ibrm  a  galvanic  ciicnit.  It  matt 
oe  observed  that  the  effect  is  chiefly  momentary,  and  the  convnl- 
sive  motions  take  place  at  the  instant  of  the  contact  of  the 
metals ;  but  the  phenomena  may  be  renewed  by  separating  the 
metals  and  repeating  their  contact  with  each  other. 

73.  Sttlzer's  experiment  before  noticed,  may  be  performed  by 
placing  a  piece  or  silver,  as  a  half  dollar,  upon  the  tongrae,  and 
a  disk  of  zinc  under  it,  and  on  bringing  together  the  edges  of  the 
metals  while  their  flat  sides  remain  in  contact  with  the  tongae, 
a  peculiar  taste  will  be  perceived,  and  a  sensation  approaching  to 
a  slight  eliectric  shock,  especially  if  the  metallic  plates  have  rauier 
extensive  surfaces.  In  that  case,  also,  a  flash  of  light  will  some- 
times pass  before  the  eyes ;  but  this  latter  phenomenon  may  be 
more  certainly  excited  by  placing  one  of  the  metals  between  the 
upper  lip  and  the  gums,  ana  the  other  on  the  fJDngue,  and  bringing 
their  edges  in  contact  as  before. 

74.  It  has  been  found  that  when  two  metals  are  brought  into 
contact,  and  then  separated,  they  will  exhibit  opposite  states 
of  electricity.  Thus  if  an  insulated  disk  of  zinc  be  laid  on  one  of 
silver  or  copper,  and  then  removed  by  means  of  some  non-conducting 
substance,  the  zinc,  on  being  applied  to  a  delicate  electrometer, 
will  show  positive,  and  the  silver  or  copper,  on  the  other  hand, 
negative  electricity.  Whence  it  may  be  inferred  that  a  portion  of 
free  electricity  had  been  developed  by  the  metals,  and  to  the 
passage  and  reunion  of  the  two  opposite  kinds  are  to  be  attributed 
the  convulsions  of  the  muscles  of  animals  when  their  nerves  are 
in  contact  with  them  placed  in  a  galvanic  circuit. 

75.  The  effect  of  the  contact  of  different  metals  may  be  exhibit* 
cd  by  placing  on  the  cap  of  a  gold-leaf  electrometer,  a  largre  plate 
of  any  metal,  and  sifting  over  it  zinc  filings  through  a  copper  sieve, 
insulated  by  a  ^lass  handle ;  when  it  will  be  found  that  tne  leaves 
will  diverge  with  positive  electricity,  and  the  sieve  will  become 
negatively  electrified.  On  repeating  the  experiment,  but  using  a 
zinc  sieve  to  sift  copper  filings,  the  effect  will  be  reversed,  and  the 
electrometer  will  show  that  the  copper  filings  are  negatively  elec- 
trified, while  the  zinc  sieve  will  display  positive  electricity. 

What  characteristic  properties  of  the  metals  emplojed,  fayour  the  sac- 
cess  of  this  experiment  ? 

How  may  Sulzer's  exYieriment  be  conveniently  repeated  ? 
What  effect  may  it  produce  on  the  organ  of  sight  ? 
In  what  states  are  two  metals  left  after  having  been  in  contact  with  each 
other f 
How  are  the  convulsive,  motion*  \d  W  wL^sXtit^"*. 
In  what  other  knanner  may  tVie  eJKwt.  oi  «»fcMXV»  «AK^^^JeA.X 


TC.  A  simple '^Iranie  circle  ma;  be  fornied,  b;  the  apparatus 

repretented  in  the  margin,  cnnsisting  of  a  plate 

f^        of  Einc,  Z,  and  one  of  copper,  C,  iinmeraed  to  a 

■  certain  depth  in  aulphuric  acid  greatly  diluted 

^™   *  I  with  water,  containeo  in  a  glaaa  vessel.    Then, 

^•J  when  dte  upper  edges  of  the  metals  are  brought 

■  ""^H  in   contact,   a   current   of  electricity   will   take 

'   "),  the  positive  electric  fluid  circulating  from 

;inc  to  the  acid,  from  Che  acid  to  (he  copper, 

I  thence  again  to  the  zinc,  and  so  on  in  the  airec- 

I  tion  indicated  by  the  darts  ;  the  negative  current 

being  in  the  opposite  direction. 

77.  Varimia  modtficationB  of  this  arrangement  ma  j  be  contrived: 

UiDH,  Instead  of  making  the  metals  commnnicate  immediately,  as 

above,  a  wire  of  any  metal  may  be  attached  to  the  apper  eixtremi- 

liea  of  each  plate,  and  when  the  wires  are  brought  together  the 

circirit  of  electricitr  will  go  on,  but  when  they  are  separated,  it 

will  bo  intermpted.     By  this  means  the  electnc  currents  may  ba 

directed  throu^  any  bodies,  by  placing  thsm  between  the  wires, 

80  that  they  may  form  a  part  of  the  circuit,  and  various  elfecls  may 

be  produced.     The  wire  connected  with  the  zinc  in  this  case  is 

called  "  the  negative  wire,"  and  that  connected  with  the  copper 

"the  positive  wire."     By  some  writers  they  have  been  denomt* 

Dated  positivn  and  negative  rheo-phores.* 

79.  nie  effects  of  such  an  ftrrangemenl  as  that  just  described, 
at  least  with  small  metal  plates,  will  be  bnt  inconsiderable.  Henee 
HroTessor  Volta  conceived  the  idea  of  forming  what  may  J>«  term- 
ed a  compound  galvttnic  or  voltaic  circle,  by  arranging  a  number 
of  disks  of  different  metals,  an  sine  and  copper,  with  cloth  or 
pasteboard  soaked  inaome  acid  or  sallns  solution  between  them; 
as  thus  the  effect  mifffat  be  indefinitely  augmented,  according  lo 
the  number  and  siie  of  the  disks. 

79.  The  apparatus  may  be  fitted  np  as  represanled  in  the  annexed 
figure,  consistmg  of  an  equal  nnmber  of  silver  or  copper  coins, 
or  flat  pieces  of  either  metal,  and  of  similar  pieces  of  zinc,  ar- 
rangfed  one  above  another,  with  wet  pasteboard  between  them  in 
the  following  order :  zino,  copper,  wet  pasteboard,  denoted  by  the 
letters  Z,  C,  W,  in  successive  layers  throughout  the  series.  One 
end  of  ^e  pile  must  tenninate  with  a  linc  plate,  and  the  other 
with  one  of  copper,  with  each  of  which  wires  may  be  con- 
nected ;   and   the  whole   should  be  made   steady  by  lixing  the 

Wliicli  Bleccriinl  dale  ii  taken  by  the  eopper  in  ■  limple  gtlTinie  piir 

In  wlini  (nanneT  DWj  the  effeett  of  nieh  ■  lireuit  be  diiplajcd  > 

the  opnoiiic  eilr«mii]e>  of  Ihe  nlianiB  Bmneemeni .' 
In  vhM  manner  (lid  Volts  underUke  to  Hugnieot  the  povcr  of  the  pl- 

DKBCribe  lUe  jiOe  of  Volla. 

*  Curmt'-JMivrr.  from  rig>,a  eairent,  tnA  «>(>., te>Max. 
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disks  between  .  three  Tertical  g1aM»  tM 
perly  Tamiahed,  and  cemented  into  tw 
pieces  of  wood,  one  of  which  serves  as  ti 
and  the  other  as  the  eoret  of  the  pile, 
number  of  such  piles  ma;  be  united  so  m 
stitute  a  Voltes  battery,  by  makiiig'  a  i 
commDoication  between  the  last  piste  of  i 
and  the  fiist  of  another,  to  sn;  extent. 

80.  The  Voltsio  pile  will  ba  found  Uj 
Gcient,  snd  forms  a  eooT-enient  instnni 
loDg  as  the  cloth  or  pasteboard  disks  1 
'  (he  melalB  retain  their  moisture;  bnt  wh 
become  div,  the  pile  is  rendered  compa 
iDSCtiTB.  Volts,  therefore,  coDtrived  a  i 
•naagement,  to  which  has  been  giyea  the  French  deai 
Cvvrsme  dt  T^imm,  as  consisting  of  any  number  of  g-lassA 
filled  with  diluted  acid,  with  a  plate  of  zinc  and  soother 
t>n  in  each  as  before  described ;  and  the  linc  plate  in  oa 
Wng  connected  with  the  copper  one  to  the  next,  thio 
the  circuit  might  be  completed  by  wires  attached  to  tti 
Dating  plates. 

ei.  But  this  instrnment,  thoagh  not  liable  to  the  same  d 
with  the  pile,  was  iaconTonienl,  and  therefore  has  beeo 
seded  by  various  other  arraDaementa,  among  which  we  sc 
description  the  Galvanic  trough,  or  as  it  also  is  termed,  the  G 
battery  of  Mr.  Cruicshank.  It  may  consist  of  a  troueh, 
■tructed  of  baked  mahogany,  with  partitions  of  glass  m  tl 
HoTi  or  it  may  be  formea  of  Wedgwood  ware,  with  ioleiu 


How  U  Ihe  elBciencf  of  the  pik  lii 

Wh»i  other  ■mngement  of  (he  el< 
What  i>  the  conitruciian  of  die  < 
Deicribe  the  GuliKine^Uery. 
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trough  eoBtaininff  ten  or  twdye.  Tho  metal  plates  P  P 
adipCed  to  them  are  amted  by  a  bar  of  baked  wood  A  B,  so  tbat 
Hm  whole  aet  may  be  let  down  into  the  trough,  or  lifted  oat  to* 
gvdiear* 

89.  ne  oella  are  to  be  filled  with  water  or  diluted  acid  when 
the  isitrament  ia  to  be  used,  and  the  plates  placed  in  them,  eaeh 
cell  will  contain  a  unc  and  copper  plate,  and  the  circulation  of  the 
electric  fluid  will  take  place  throughout  the  whole,  while  wires 
proceeding  from  the  last  zinc  plate  on  one  side,  and  from  the  last 
copper  plate  on  the  other,  any  bodies,  by  being  placed  between  the 
wires,  will  form  a  part  of  the  circuit,  and  be  subjected  to  the  action 
of  the  electric  iuid.  When  the  necessary  experiments  are  com- 
pleted, the  plates  should  be  lifted  out  of  the  trough,  tl^t  they  may 
not  be  too  hastily  corroded  by  the  acid. 

83.  Several  such  trouffhs  may  be  combined  like  voltaic  piles,  after 
the  manner  before  stated ;  and  if  very  large  plates  be  employed  to 
form  the  battery,  its  power  will  be  exceedingly  increased.  One 
was  constructea,  for  the  use  of  the  Royal  Institution  in  London, 
consisting  of  two  hundred  separate  parts,  each  part  composed  of 
ten  double  plates,  and  every  plate  containing  thirty-two  square 
inches.  The  whole  number  of  double  plates  amounts  to  two  thou- 
sand, and  their  entire  surfhce  to  128,000  square  inohes,  or  888 
square  feet. 

84.  Several  ferms  of  Galvanic  apparatus  have  been  invented 
and  applied  in  the  United  States,  some  of  which  manifest  great 
energy,  combined  with  facility  in  manipulation.  Among  them, 
those  of  Dr.  Hare,  denominated  the  deflagrator  and  the  calorimotor^ 
deserve  particular  riie»tion.  The  former  is  composed  of  two  troughs, 
in  one  of  which  the  zinc  and  copper  plates  are  arranged  across 
the  trough,  so  that  eaoh  pair  fbrms,  when  united,  a  separate  par- 
tition for  a  cell,  and  the  whole  thus  adjusted  throughout  a  length 
of  ten  feet,  is  to  receive  the  acid  liquor  when  the  trough  is  to  be 
put  into  action.  To  one  edge  of  this  trough  is  attached  another  of 
the  same  length  with  the  plane  of  its  open  side  or  mouth  forming 
a  right  angle  with  that  of  the  trough  which  contains  the  cells. 
This  is  to  receive  the  acid  when  the  action  of  ihe  deflagrator  is  to 
be  suspended.  These  troughs  thus  united  are  hung  on  an  axis 
passing  longitudinally  through  the  line  which  unites  their  edges 
so  as  to  allow  the  liquor  to  be,  by  the  quarter  of  a  revolution, 
transferred  from  one  trough  to  ^e  other.  Many  of  the  brilliant 
and  important  experhnents  exhibited  by  Dr.  Hare,  are  shown  by 
means  of  this  apparatus. 

With  what  are  the  etlls  to  be  filled  ? 

What  advantage  attends  thii  apparatot  in  regard  to  the  corrosion  of 
the  metals  } 

How  may  the  power  of  this  sort  of  batteries  be  augmented  ? 

What  was  the  size  of  that  belonging  to  the  Rojal  Institution  ? 

What  is  the  constniotion  of  Hare's  deflagrator  ? 

By  what  means  Is  the  aoid  brought  to  act  on  the  roetallio  plates  in  thii 
apparatas  ? 

How  »re  the  metmla  disposed  in  the  calorimotov  > 


ZLEcnucirr. 

U the defUgiatM,  Thetwo 
it  A  A  and  A'  A'.  When 
the  open  monilia  of  Ihew  two  are  ia  *  vertical  poritioii,  ■■  Been 
in  the  fiKure,  those  of  the  other  two,  B  B  and  B'  B',  oontaioing 
the  add  nqnor,  aie  in  a  honxontsl  one ;  on  laiain  j  the  handle  at 
the  right  of  the  figure,  so  aa  to  gi*e  each  pair  of  troughs  half  ■ 
'  rsTolntian,  the  aid  wilt  be  decanted  from  its  nceptaole,  and  flow 
into  the  trongh  contaiiiog  the  plates. 
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86.  T1iaMl«rimiHi»iiiwhich«greBtquaDtitj(ifheitmcconip>- 
dad  hy  Uttla  el«etrieal  tauion  ii  produced,  conBiat*  of  such  ao  u- 
IMgammt  of  dw  elemeittt  u  to  fonn  in  fact  biil  one,  or  at  moat,  tvm 
fitm  id  mepmtB  plitoa ;  for  all  the  tine  plates  in  one  half  of  the 
iM«ntaiabeiiigcciiiiiecledt(^etheieonBt)lutebut  one  plate,  while  all 
oe  eoppcs  one*  betng  nnitad,  afford  anetier.  The  plates  are,  how- 
trer,  ananged  in  an  utematisig  Mriea,  so  ae  to  piesent  their  lur&oee 
to  each  other  without  ocenpjingp  too  peat  a  space. 

The  aeeompairffaig  figoiei  repreMnt  the  arrangement  of  parts 
in  the  caloiiinotOT.  A  and  a  aie  (he  cubical  bozea  coDtaioing  die 
one  acidulated  and  the  other  pure  water;  b  bb  b  ia  the  wooden 


ftame  containing  the  sioe  and  copper  platea  alternating  with  ei 
other,  and  from  1  to  j  an  inch  i^)art,  T  T  ( (  are  masBea  of  >«> 
caat  over  the  protruding  odsva  of  the  aheeta  which  are  to  eommn- 
nicate  with  each  other  .  "Aie  amaller  figure,  representing  a  hori- 
sontal  aecdon  through  the  plates,  shows  the  manoer  in  wnich  ths 
ioDction  between  the  SBreral  ahttetaand  the  tin  ntaasee  ia  effected. 
Between  dte'letlers  2  2  the  feinc  onlj  is  in  contact  with  the 
masses.  Between  e  e  the  copper  alone  touches  the  tin.  At  the 
back  of  Ihefiaiue  ten  sheets  01  copper  between  e  e,  and  ten  sheets 
of  ainc  between  z  z  are  nrade  to  communicate  bj  a  common  mass 
of  tin,  extending  the  whole  length  of  the  frame  between  TT; 
but  in  front,  as  shown  in  the  larger  figure,  there  is  an  interatiee 
between  the  maas  of  tin  connecting  the  ten  copper  sheets,  and 

Wbal  relation  h«  (he  eleetrie  teouDo  ia  the  ulorlmotor  to  (hat  of  (he 
pile  or  trough  > 

UcHribe  the  lerenl  parti  of  the  etlDrimotor. 
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that  counectins  the  ten  zinc  sheets.  The  screw  forceps, //,  may 
be  seen  on  each  side  of  this  interstice,  holding  the  wire  which  u 
to  undergro  igrnition.  A  wooden  partition,  p  jd,  separates  the  two 
sets  of  plates  of  which  the  apparatus  is  seen  to  be  composed. 
The  swivel  at  S  permits  the  fiame  to  be  swung  round  after  being 
taken  out  of  the  acid  in  A  and  to  be  lowered  into  the  pure  water 
in  a ;  this  is  for  the  purpose  of  washing  off,  after  an  experiment, 
the  acid  which  might  ouierwise  too  rapidly  corrode  the  plates. 

88.  The  inventor  re^ds  this  as  furnishing  an  extreme  case  of 
great  heating  power  with  low  electric  intensity,  and  also  as  show- 
ing that  the  quantity  of  heat  evolved  in  single  large  pairs  is  greater, 
but  its  intensity  less  than  that  given  out  dj  an  e<|ual  quantity  of 
metallic  surface  arranged  in  several  successive  pairs. 

89.  Though  the  most  efficient  voltaic  circles,  whether  arranged 
as  piles  or  troughs,  are  such  as  consist  of  plates  of  different  metals 
and  layers  of  fluid  matter  containing  oxyffen,  as  already  described, 
yet  combinations  may  be  formed  of  vanous  kinds  of  matter,  be- 
sides, metals  and  acids,  manifesting  analogous  effects,  though,  in 
most  cases,  with  far  inferior  energy. 

90.  Dr.  Baconio  of  Milan,  constructed  a  voltaic  pile  entirely  of 
vegetable  substances;  using  disks  of  red  beet  root,  two  inches  in 
diameter,  and  similar  disks  of  walnut-tree,  the  latter  deprived  of 
their  resinous  matter  by  masceration  in  a  solution  of  cream  of  tar- 
tar in  distilled  vinegar.  With  such  a  pile,  using  a  leaf  of  scurvy 
grass  as  a  conductor,  he  is  stated  to  have  produced  contractions  of 
the  muscles  of  a  dead  fro^r.  Other  experimentalists  have  formed 
voltaic  piles  wholly  of  ammal  Substances. 

91.  MM.  Hachette  and  Desormes  composed  piles  of  layers  of 
metallic  plates  separated  by  masses  of  common  paste  made  of 
flour  and  mixed  with  marine  salt  (muriate  of  soda).  This,  which 
has  been  improperly  called  the  dry  pile,  appears  to  oWe  its  effici- 
ciency  to  the  attraction  of  moisture  from  the  air  by  the  salt  con- 
tained in  the  layers  of  paste.  Professor  Zamboni  of  Verona,  made 
a  pile  with  disks  of  paper  gilt  on  one  side,  and  coated  on  the  other 
with  layers  of  black  oxide  of  manganese  made  into  a  paste  with 
honey. 

93.  The  most  simple  arrangement  of  this  kind  is  that  called 
Deluc's  electric  column,  consisting  of  disks  of  paper  covered  with 
gold  or  silver  leaf,  and  similar  disks  of  laminated  zinc,  properly 
arranged.  Mr.  G.  J.  Singer  constructed  an  instrument  in  this 
manner  composed  of  twenty  thousand  pair  of  disks'  inclosed  in  a 
tube  of  glass  of  suitable  diameter,  having  at  each  end  a  brass  cap, 
perforated  by  a  screw  for  the  purpose  of  pressing  together  the 

What  does  it  demonstrate  with  respect  to  the  heat  furnidied  by  a  aiDgle 
pair  compared  with  that  given  out  by  the  same  amount  of  metal  in  other 
arrangements  ? 

What  materials  were  used  by  Baconio  in  the  constrttcUon  of  Ms  bat- 
tery ? 

Vniat  materials  did  Hachelte  and  Desormes  employ  ? 
Wiiat  were  adopted  by  ZAmboui  >  ^VmX)^^  '!DM^\x!b> 
fVlue  account  is  given  of  S\n^T^«  QoVuiMi^. 


\ 


/  THE   VOLTAIC    PILE.  445 

jfiskfl,  &  wire  beingr  attached  to  either  screw,  so  that  one  might  be 
Id  eontact  with  the  zinc,  and  that  at  the  other  end  witli  the  other 
metal.  Each  extre'inity  or  pole  of  such  a  column  will  affect  the 
electrometer,  and  exhibit  electrical  attractions  and  repulsions. 

93.  If  two  upright  electrical  columns  be  placed  near  each  other 
with  their  poles  in  opposite  directions,  and  their  upper  extremities 
connected,  while  a  small  bell  is  attached  to  the  lower  end  of  each 
column,  and  a  brass  ball  is  suspended  between  them,  it  will  alter- 
nately strike  either  bell,  and  the  ringing  thus  caused  may  be  kept 
up  for  a  ffreat  leng^th  of  time.  Sir  J.  Herschel  mentions  his  bavin? 
seen  sach  an  apparatus  in  the  study  of  Deluc,  which  had  continued 
in  action  for  whole  years.* 

94.  Some  of  the  remarkable  phenomena  produced  by  the  agency 
of  the  electric  fluids,  through  the  voltaic  pile  or  battery,  have 
been  already  noticed ;  and  a  few  additional  experiments  may  be 
adduced  which  will  serve  more  strikingly  to  illustrate  the  mode 
of  action  of  voltaic  electricity,  and  demonstrate  its  similarity  to 
common  electricity. 

95.  Amon?  the  effects  of  the  voltaic  pile  may  be  mentioned  the 
prodnction  of  sparks  and  brilliant  flashes  of  light,  the  heating  and 
fusing  of  metals,  the  deflagration  of  gunpowder  and  other  inflam- 
mable substances,  and  the  decomposition  of  water,  saline  compounds 
and  metallic  oxides. 

96.  The  most  splendid  exhibition  of  light  may  be  obtained  by 
fixing  pieces  of  pointed  charcoal  to  the  wires  connected  with  the 
opposite  poles  of  a  voltaic  batteiy.  When  the  charcoal  points  are 
brought  almost  into  contact,  a  vivid  light  and  intense  heat  will  be 
excited ;  and  on  ffradually  withdrawing  the  points  from  each  other, 
a  continued  discnarge  of  electric  fire  will  take  place,  forming  an 
arch  of  li?ht  of  the  most  dazzling  brightness,  if  the  wires  be  in- 
troduced into  a  tube  partially  exhausted  of  air,  and  the  charcoal 
points  be  made  to  approach  and  then  recede  as  before,  the  effect 
will  be  heightened,  and  the  arch  of  light  will-  assume  a  beautiful 
purple  colour. 

97.  Wires  of  metal  introduced  into  the  voltaic  circuit  may  be 
raised  to  a  red  or  white  heat;  and  wires  of  moderate  dimensions, 
composed  of  the  least  fusible  metals,  as  platina,  speedily  become 
melted.  The  same  effect  is  produced  on  some  of  the  most  refrac- 
tory snbstances,  as  quartz,  sapphire,  magnesia,  and  lime ;  while 
fragments  of  the  plumbago  or  of  the  diamond  are  dissipated,  under- 
going a  reul  combustion. 

How  in&jr  such  colurons  be  employed  to  maintain  oscillation  ? 

What  is  related  of  the  durability  of  the  electric  effect  in  such  columns  f 

M  riat  are  some  of  the  effects  produced  by  the  voltaic  pile  ? 

How  may  electrical  light  be  best  exhibited  by  the  galvanic  apparatus  f 

What  peculiar  effect  is  observed  when  the  experiment  is  made  m  vacuo  / 

What  refractory  substances  are  fused  by  the  battery  ? 

*  See  Discourse  on  the  Study  of  Natural  Philosophy,  p.  343.  On  the 
principle  of  Delue*s  column  is  constructed  Uie  eleetrieal  cloek  mentioned 
in  the  Treatise  on  Mechanict,  No.  856. 
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98.  The  chemical  powers  of  the  voltaic  battery  have  afforded 
the  means  for  some  of  the  most  remarkable  discoveries  of  modem 
dmes,  amons  which  it  will  be  sufficient  to  mention  the  decomposi- 
tion of  potash  and  soda,  and  the  exhibition  of  their  metallic  bases, 
by  Sir  Humphry  Davy.  But  for  an  account  of  his  researches,  and 
of  the  modes  of  effecting  various  other  chemical  analyses  by  means 
of  voltaic  arrangements,  we  must  refer  the  reader  to  the  treatise  on 
Chemistry,  in  me  second  part  of  the  Scientific  Class  Book. 

99.  The  decomposition  of  water  by  the  voltaic  battery  may, 
however,  be  shortly  noticed  as  one  of  the  most  simple  yet  impor- 
tant processes  exhibiting  the  chemical  influence  of  electricity.  If 
two  wires  of  platina  connected  with  the  opposite  poles  of  a  bat- 
tery be  passea  through  corks  into  the  extremities  of  a  glass  tube 
filled  with  water,  on  suffering  the  electric  current  to  traverse -the 
fluid  between  the  ends  of  the  wires,  it  will  be  decomposed  into 
oxygen  and  hydrogen  ffases ;  and  if  one  of  the  wires  be  of  iron, 
or  any  other  easily  oxidable  metal,  the  oxygen  will  combine  with 
the  iron  as  fast  as  it  is  evolved,  and  the  hydrogen  only  will  appear 
in  the  form  of  ^as.  By  a  proper  modification  of  the  apparatus  with 
two  platina  wires,  both  gases  may  be  separately  collected ;  and 
on  examination  it  will  be  found  that  they  are  produced  exactly  in 
the  proper  proportions  to  form  water. 

100.  The  spontaneous  evolution  of  electricity  observable  in  some 
animals,  and  particularly  in  certain  kinds  of  fishes,  has  been  as- 
cribed to  galvanism ;  but  though  the  electrical  phenomena  exhib- 
ited by  the  torpedo  and  a  few  other  marine  animals,  have  much 
analogy  with  the  effects  of  the  voltaic  pile  or  battery,  the  re- 
searches of  philosophers  have  not  hitherto  enabled  us  to  ascertain 
how  far  the  structure  of  the  electrical  fishes  may  be  assimilated 
to  the  arrangement  of  bodies  in  different  states  of  electricity, 
forming  the  galvanic  pile.  The  production  of  electric  sparks  and 
other  phenomena  of  a  similar  nature  lead  to  the  conclusion  that 
electrical  excitement  is  a  concomitant  property  of  animal  life  in 
general. 

101.  Many  instances  are  re-corded  of  the  spontaneous  display  of 
electric  light  issuing  from  the  skin  of  the  human  body,  and  the 
production  of  electricity  by  friction,  as  from  the  back  of  a  cat,  is  a 
common  and  well-known  phenomenon.  Cardan  mentions  a  Car- 
melite friar,  from  whose  hair  sparks  issued  whenever  it  was  stroked 
backwards.     Scaliger  gives  a  somewhat  similar  account  of  a 

What  remarkable  discoveries  have  been  effected  by  its  aid  ? 

In  what  arrangement  is  the  decomposition  of  water  effected  by  galvanic 
electricity  ? 

In  what  proportion  are  the  elements  oxygen  and  hydrogen  found  to  be 
when  separately  collected  ? 

To  which  class  of  artificial  electrical  phenomena  does  that  of  electrical 
fishes  bear  the  strongest  analogy  ? 

What  eeneral  facts  indicate  a  relation  between  electricity  and  the  ex- 
istence 01  animal  life  ? 

What  examples  of  electrical  developement  in  the  human  body,  and  the 
bodies  of  other  animals,  have  been  T«cor^^i 
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woman  at  Caumont,  whose  hair  emitted  fire  when  combed  in  the 
dark.  Ezekiel  di  Castro,  an  Italian  physician,  in  his  treatise  "  De 
Igne  Lambente,"  relates  of  Cassandra  Buri,  a  lady  of  Verona,  that 
when  she  touched  her  body  but  lightly  with  a  linen  cloth,  it  gave 
forth  sparks  in  abundance.  Scaliger,  above  quoted,  mentions  a 
white  Calabrian  horse,  whose  coat  when  combed  in  the  dark 
emitted  lucid  sparks.  Various  instances  of  a  similar  nature  are 
recorded  by  Bartholin,  Beccaria,  Sanssnre,  and  other  writers ;  and 
those  cases  of  spontaneous  combustion  which  have  been  related 
by  physicians  were  probably  owing  to  the  evolution  of  electricity ; 
but  of  these  further  notice  will  be  taken  in  the  treatise  on  Chemis* 
try. 

102.  The  electrical  animals  already  alluded  to  display  much 
greater  powers  in  the  developement  of  electricity  than  those  ex- 
hibited Dj  human  beings ;  and  the  production  of  the  electric  shock 
appears  m  these  creatures  to  be  dependent  on  the  will,  and  the 
power  of  producing  it  to  be  bestowed  on  them  in  order  that  they 
may  be  enabled  to  defend  themselves  from  their  enemies,  or  to 
take  the  prey  necessary  for  their  subsistence.  Amon?  these  ani- 
mals the  most  noted  is  the  torpedo  (raia  torpedo)^  we  peculiar 
powers  of  which  were  known  to  the  ancients,  and  are  mentioned 
DY  Pliny,  Oppian,  and  other  writers.  These  phenomena  have 
also  been  noticed  by  Redl,  Koemper,  and  oUier  modem  authors ; 
but  Dr.  Bancroft  appears  to  have  first  conjectured  that  the  influ- 
ence of  the  torpedo  depended  on  electricity,  and  Mr.  Walsh  made 
some  important  experiments  which  served  to  confirm  .this  conclu- 
sion. The  subject  has  since  been  more  fully  investigated  by  John 
Hunter,  Spallanzani,  Humboldt,  Volta,  and.  other  philosophers. 

103.  The  torpedo  is  an  inhabitant  of  several  different  seas, 
being  found  on  the  coast  of  England,  in  the  Mediterranean,  and 
in  l^le  Bay,  at  the  Cape  of  Good  Hope.  The  weight  of  the 
animal  when  full  grown  is  about  eighteen  or  twenty  pounds.  It 
gives  a  bendmbing  sensation,  like  an  electric  shock,  when  touched, 
and  these  effects  are  renewed  by  repeated  contacts.  The  shock 
may  be  conveyed,  like  common  electricity,  through  an  iron  rod  or 
a  wet  line,  but  not  through  non-conductors.  The  greatest  shock 
the  torpedo  can  give  is  never  felt  above  the  shoulder,  and  rarely 
above  the  elbow-joint;  its  strength  depending  more  on  the  liveli- 
ness of  the  animal  than  upon  its  size.  The  electric  discharge  is 
generally  accompanied  by  an  obvious  muscular  action  in  the  ani- 
mal, with  an  apparent  contraction  of  the  superior  surface  of  the 
electric  organs,  and  by  a  retraction  of  the  eyes. 

On  what  does  the  prodaction  of  electric  shocks  in  animals  appear  to 
depend  ?    For  what  purpose  is  it  g^enerally  employed  ? 

What  was  known  to  the  ancients  respecting  tne  powers  of  the  torpedo  ? 

By  whom  was  the  true  nature  of  those  powers  nrst  explained/ 

In  what  parts  of  the  globe  is  the  torpem>  found  ? 

How  may  the  benumbing  effect  of  this  animal  be  transmitted  to  the 
person  without  an  actual  contact  ? 

On  what  does  the  force  of  the  shook  depend  ? 

By  what  effort  does  it  appear  to  be  proauQed) 
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104.  These  fish  appear  to  be  ^rreatlj  weakened  by  the  emission 
of  electricity,  and  those  that  ^ve  shocks  most  readily  soon  be- 
come exhausted  and  die.  From  dissection  of  the  torpedo  it  is 
found  to  be  provided  with  pecaliar  organs,  placed  on  each  side  of 
the  head  and  gills,  and  connected  with  the  nervous  system.  It 
has  been  ascertained,  however,  from  the  researches  of  IVf .  Geofiroy 
St.  Hilaire,  that  a  similar  organic  structure  is  found  in  other  ani- 
mals of  the  raia  grenos,  which  nevertheless  exhibit  no  electrical 
power. 

105.  The  gymnotas  electricns  or  electrical  eel,  is  a  fish  having 
similar  powers  with  the  preceding.  It  is  a  native  of  the  inter- 
tropical regions  of  Africa  and  America,  being  frequently  found  in 
the  rivers  and  lakes  of  Snrinam ;  and  it  was  &st  described  in  1677 
by  M.  Richer,  who  was  sent  by  the  Academy  of  Sciences  of  Paris, 
to  make  philosophical  observations  at  Cayenne.  This  fish  (which 
was  dissected  by  Mr.  Hnnter),  like  the  torpedo,  possesses  pecnliar 
electric  organs,  which  consist  of  divisions,  formed  by  thin  plates 
or  membranes,  ranged  transversely,  so  that  in  the  space  of  one 
inch  there  were  two  hundred  and  forty  of  these  transverse  mem- 
branes. These  organs  are  copiously  supplied  with  nerves,  and 
their  too  frequent  use  occasions  debility  and  death.  It  seems, 
however,  that  they  are  not  essential  to  the  existence  of  these  ani- 
mals, which  live  and  thrive  afWr  the  organs  have  been  removed. 

106.  Humboldt,  in  his  **  Tableau  Physique  des  Regions  Equa- 
torialee,**  describes  a  curious  method  of  teking  the  gymnoti,  by 
driving  wild  horses  into  a  lake  which  abounds  with  those  fish. 
Some  of  these  are  very  large,  and  capable  of  gfiving  most  power- 
ful shocks,  by  which  some  of  the  horses  are  paralyzed  and  drown- 
ed ;  but  the  eels,  at  length,  being  exhausted  by  their  own  efforts, 
are  taken  without  difficulty.  This  philosopher  states,  that  the 
gymnotus  in  giving  shocks  does  not  make  any  motion  of  the 
head,  eyes,  or  fins,  like  the  torpedo. 

107.  Three  other  electrical  fishes  have  been  mentioned  besides 
the  forej^oing,  namely,  the  silurus  electricus,  found  in  the  Nile ; 
the  trichiurus  Indicus,  which  inhabits  the  Indian  seas ;  and  the 
tetraodon  electricus,  discovered  off  the  island  of  Joanna.  Little 
is  known  concerning  the  two  latter ;  but  they  all  appear  to  possess 
the  same  general  powers  of  evolving  electricity  with  those  already 
described. 

108.  That  the  various  phenomena  of  common  electricity  and 
galvanism,  to  which  may  be  added  those  of  magnetism,  depend 
on  the  operation  of  a  common  cause,  may  now  be  regrarded  as  an 

What  is  the  effect  of  repeated  discharges  on  the  fish  itself.^ 
Where  is  the  gymnotus  electricus  found  ? 
What  peculiar  organs  has  it  in  common  with  the  torpedo  ? 
By  what  n.ethod  are  the  gymnoti  captured  } 

What  other  fishes  hitherto  diseorered  possess  the  property  of  giving 
electrical  shocks  ? 

What  remarkable  chemical  efCe«U  \vKte\>e€w  ^^^''^uBcd  by  the  Tollaic 
bMttery  ? 
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established  principle  of  physical  science ;  but  the  investigations 
which  hare  led  to  this  conclusion  are  only  of  recent  date,  though  the 
experiments  on  which  it  is  founded  appear  to  be  perfectly  satis- 
factory. 

109.  In  the  progress  of  his  electrical  researches,  Dr.  Faraday 
found  it  necessary,  for  their  further  prosecution,  to  establish  either 
the  identity  or  the  distinction  of  the  electricities  excited  by  diiTerent 
means ;  and  in  a  pap^r  of  great  value,  which  has  been  published, 
he  has  established  beyond  a  doubt  the  identity  of  common  electri- 
city, voltaic  electricity,  magpietic  electricity,  thermo-electricity, 
and  animal  electricity.  The  phenomena  exhibited  in  these  five 
kinds  of  electricity  do  not  differ  in  kind,  but  merely  in  degree ; 
and  in  this  respect  thev  vary  in  proportion  to  the  various  circum- 
stances of  quantity  and  intensity,  wnich  can  be  at  pleasure  made 
to  change  in  almost  any  one  of  the  kinds  of  electricity,  as  much 
as  it  does  between  one  kind  and  another. 

110.  Dr.  Faraday  was  anxious  to  determine  the  relation  by 
measure  of  ordinary  and  voltaic  electricity ;  and  after  various  ex- 
cellent experiments  he  found  as  an  approximation,  and  judging 
from  magnetical  force  only,  that  two  wires,  one  of  platina  ana  one 
of  zinc,  each  1-18  of  an  inch  in  diameter,  and  placed  5-16  of  an  inch 
apart,  and  immersed  to  the  depth  of  &-18  of  an  inch  in  acid  con- 
sisting of  a  drop  of  oil  of  vitriol  and  four  ounces  of  distilled  water, 
at  a  temperature  of  about  60°,  and  connected  at  the  other  extremi- 
ties by  a  copper  wire  18  feet  lon^  and  1-18  of  an  inch  thick  (being 
the  wire  of  tne  galvanometer  coils),  yielded  as  much  electricity 
in  8  b^ts  of  his  watch,  or  8-150  of  a  minute  (3.2  sec.)  as  the 
electrical  battery  (of  15  jars)  charged  by  thirty  turns  of  a  plate 
machine  4  feet  in  oiiameter,  and  in  excellent  order.  The  same  re- 
sult was  found  to  be  true  in  the  case  of  chemical  force.* 

111.  It  further  appeared,  from  the  experiments  of  Dr.  Faraday, 
that  a  spreat  number  of  bodies  which  when  solid  were  incapable 
of  conducting  electricity  of  low  tension,  acquired  by  liquefaction 
or  fusion  the  power  of  conducting  it  in  a  very  high  degree.  Such 
are  water,  ana  several  saline  and  other  substances ;  but  sulphur, 
phosphorus,  camphor,  spermaceti,  sugar,  and  various  other  bodies, 
including  some  salts,  acquire  no  conducting  power  when  melted. 

What  haTe  recent  investigations  proved  with  regard  to  the  phenomena 
ot  Electricity,  Galvinism,  and  Magnetism  ? 

In  what  respect  did  Faraday  find  the  different  kinds  of  electrical  action 
to  differ  ? 

State  the  relation  in  point  ot  magnetic  force  and  of  chemical  action  be- 
tween a  four  feet  plate  machine  and  a  single  Galvanic  pair,  with  the  con- 
ditions of  the  experiment. 

What  is  the  general  effect  of  liquefaction  on  the  conducting  power  of 
electrics  ? 

What  bodies  remain  non*condactors  when  melted  ? 

*  EncyclopsBdia  Britannioa,  7th  edition,  1854.  pp.  574^  575. 
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tl3.  It  wasloug  since  tonjectored  by  some  philoBophera  thai  a 
oonneetion  exists  betveen  electticilj  and  magnetism,  and  that 
eiectria  and  mngneiic  phenomena  arise  from  the  Biune  cause.  The 
discovery  of  the  efleoti  of  the  conuct  of  metals  and  other  tol- 
lalr  combinations  landed  greatly  to  render  the  analogy  mora 
striliiag;  but  the  grand  discovery  ofthe  power  of  electric  currenU 
to  induce  magnetism  was  made  only  in  1819,  by  Professor  O crated 
of  Copenhagen  i  and  Mr.  Faraday  has  more  recently  demonstrated 
the  similarity  of  electricity  and  ma^etism,  by  aicertoining  a 

to  attract 


Dieibnd  of  eliciting  electrical  sparks  from  the  magncL 
113.  The  power  of  the  nnlnnil  magnet  or  loadstoi 


iriginally  Found  in  the  country  of  Magnesia,  in  Asia,  whence 
it  deriv^  its  iranwi"  hot  it  is  by  no  means  mieommon  in  Tarioua 
parts  of  the  world.  The  principal  va-rieties  are  those  called  by 
mineralogists  natural  loadstone,  earthy  loadstone,  and  magnetic 
iron  ore,  all  which  are  osides  of  iron;  and  meteoric  iron,  or  thoH 
inasses  which  appear  to  have  (alien  from  the  atmosphere,)'  priD- 
cipally  compoBed  of  metallic  iron  and  nickel,  are  in  general 
found  to  be  strong'ly  magnetic.  All  these  bodies,  as  well  as  some 
other  iron  ores,  liave  long  been  known  to  possess  the  properly  of 
Bltracting  mfiUllic  iron  when  brought  nearly  in  contact  with  it. 
The  mao-netic  prnpprty  is  cap:ible  of  being  cdinmuniraled  to  sIcpI 
by  touching  it  v.ilh  a  natur.\l  magnet;  and  in  this  manopr  artificial 
e  fonaed  fbr  Tarions  purposes.     When  steel  Is  tonched 

eJin^si 

vittne  as  soon  as  it  is  separ&ted  &ont  the  magnet. 

114.  Oth^  metallic  bodies  besides  iron  sod  steel  ue  flnsoi^ili- 
ble  of  maenotism.  This  is  found  to  be  Ae  ease  with  nickel,  eo- 
bait,  and  brass;  die  first  mentioiied  of  these  metals  eapecltllr 
being  obserred  sometimes  ic  manifest  a  hi^  degree  of  tnagnetK 
power.  Nor  is  this  property  confined  to  metals,  for  UMDjr  otbw 
subataoces  belonging  to  llie  nineral  kingdem,  as  the  amei^d,  Ike 

^  WbM  oonJEMara  «■•  fomorly  made  reipMtioc  da^ailf  and  map^ 

Wlwrc  «M  it  orMiuillT  dfasovBed  > 
inenlt  belong  to  uw  iBagneti«  apewiY 
1,1  *ium  iiMiiiiEr  Muu  ui  wiiBk  uiAterialfl  mij  ths  ugmtH  prvpcr^  bs 
eoninHiiiiBKsd .' 

Whmt  dilTcrence  itIki  in  niagnetliing  ao 
What  other  uibilaneei  buidci  ueel  wid 
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Jnhjf  the  gatnetf  and  some  other  precious  stones  are  stated  by 
CftTBllo*  to  be  susceptible  of  magnetic  attraction.  More  recent 
researches  have  led  to  the  detection  of  magnetism  in  a  great  ybt 
riety  of  bodies,  including  glass,  chalk,  bone,  wood,  and  other  kinds 
of  animal  and  Tegetable  matter.  And  since  it  may  be  concluded 
tliat  magnetic  attraction  is  only  a  peculiar  mode  of  action  of  the 
electric  fluid  or  fluids,  there  can  b^  no  reason  to  doubt  that  its  in- 
floeoce  in  particular  circumstances  mnst  be  as  extensiTe  as  that  of 
electricity,  and  consequently  that  all  kinds  of  matter  are  subject 
to  it. 

115.  The  attraction  of  iron  is  to  be  reg^arded  as  only  one  of  the 
peculiar  effects  of  magnetism,  but  there  is  another  which  though 
less  imposing  and  obyious,  is  highly  important :  namely,  ^e  po- 
larity of  magnetic  bodies,  or  that  tendency  they  possess,  when 
capable  of  free  motion,  to  assume  snch  a  position  that  one  par- 
ticular part,  as  one  extremity  of  an  iron  rod  suspended  horizontal- 
ly, shall  be  directed  towards  the  northern  regions  of  the  earth,  and 
the  opposite  extremity  towards  the  southern  regions.  On  this 
property  depends  the  utility  of  the  mariner's  compass,  which  es- 
sentially consists  of  a  magnetic  needle  suspended  on  a  pivot,  so 
that  it  may  turn  horizontally  without  obstruction.  Such  a  needle, 
if  the  box  containing  it  be  placed  on  a  leyel  surface,  will  generally 
be  observed  to  vibrate  more  or  less,  till  it  settles  in  such  a  direc- 
tion that  one  of  its  extremities  or  poles  will  point  towards  the 
north,  and  the  other  consequently  towards  the  south.  If  the  po- 
sition of  the  box  be  altered  or  reversed,  the  needle  will  aJways 
tarn  and  vibrate  again,  till  its  poles  have  attained  the  same  direo- 
tioos  as  before. 

116.  All  magnets  and  magnetic  bars  have  a  north  and  a  south 
pole;  and  if  the  north  pole  of  one  magnet  be  presented  to  the 
south  pole  of  another,  attraction  takes  place  between  them ;  but  if 
two  north  poles  or  two  south  poles  of  different  magnets  be  made 
to  approach,  they  repel  each  other.  If  the  north  pole  of  a  common 
bar  magnet  be  presented  to  the  south  pole  of  the  needle  of  a  com- 
pasSf  the  latter  will  be  attracted,  and  may  thus  be  drawn  from 
Its  proper  direction,  which  it  will  recover  as  soon  as  it  is  left  at 
liberty ;  and  on  the  contrary,  if  a  similar  pole  be  presented,  as  the 
north  pole  of  the  magnet  to  the  north  pole  of  the  needle,  the  latter 
may  be  repelled,  and  thus  driven  from  its  true  direction,  to  which 
It  will  return  when  the  disturbing  object  is  withdrawn. 

WhAt  general  conoluuon  follow*  the  researches  of  recent  experiment* 
ers  on  this  subject  ? 

"What  effect  besides  simple  attraction  is  an  attendant  of  magnetizing  ? 

What  practical  purpose  is  subserved  by  this  property  of  magnetized 
bodies  ?  ... 

Describe  the  manner  in  which  this  is  applied. 

How  do  poles  of  the  same  and  those  ofopposite  names  respectively  af- 
fect each  other  ? 

«  See  Pbilos.  Trans,  for  1786  and  1787 ;  and  Cavallo's  Treatise  on 
Magnetism,  1787,  p.  73. 
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117.  When  a  piece  of  iron  not  magnetic  is  bfodght  in  contaec 
with  a  common  magnet,  it  will  be  attracted  by  either  pole ;  hot  the 
xtoet  powerful  attraction  takes  place  when  both  poles  can  be  ap* 
plied  to  the  surface  of  the  piece  of  iron  at  once.  It  is  on  this  ac 
coant  that  artificial  magnets  are  often  bent  into  the  form  of  a  horso' 
shoe,  the  north  pole  being  usually  marked  by  a  line  or  point  to 
distinguish  it. 

118.  Having  thus  stated  the  most  common  phenomena  of  mag- 
netism, the  reader  will  be  prepared  to  understand  the  nature  of  the 
connexion  between  electricity  and  ma^etism  as  deduced  from  the 
researches  of  Oersted,  Ampere,  Faraday,  and  other  philososhers. 
It  appears  that  a  metallic  wire  forming  a  part  of  a  voltaic  circuit 
exercises  a  peculiar  attraction  towards  a  magnetic  needle.  Thus  if 
a  wire  connecting  the  extremities  of  a  voltaic  battery  be  brought 
over  and  parallel  with  a  magnetic  needle  at  rest,  or  with  its  poles 
properly  directed  north  and  south,  that  end  of  the  needle  next  to  the 
negative  pole  of  the  battery  will  move  towards  the  west,  and  that 
whether  the  wire  be  on  one  side  of  the  needle  or  the  other,  pro- 
vided only  that  it  be  parallel  with  it. 

119.  If  the  connecting  wire  be  lowered  on  either  side  of  the 
needle,  so  as  to  be  in  the  horizontal  plane  in  which  the  needle 
should  move,  it  will  not  move  in  that  plane^  but  will  have  a  ten- 
dency to  revolve  in  a  vertical  direction,  in  which,  however,  it  will 
be  prevented  from  moving  in  consequence  of  the  manner  in  which 
it  is  suspended,  and  the  attraction  of  the  earth.  When  the  wire  is 
to  the  east  of  the  needle,  the  pole  nearest  to  the  negative  extremi- 
ty of  the  battery  will  be  elevated,  and  when  it  is  on  the  west  side 
that  pole  will  be  depressed.  If  the  connecting  wire  be  placed  be- 
low the  plane  in  which  the  needle  moves,  and  parallel  with  it,  the 
pole  of  the  needle  next  to  the  ne^tive  end  of  the  wire  will  move 
towards  the  east ;  and  the  attractions  and  repulsions  will  be  rela- 
tively contrary  to  those  observed  in  the  former  case.  The  con- 
necting wire  will  be  equally  efficient  whatever  be  the  metal  of 
which  it  is  composed ;  and  even  a  small  tube  filled  with  mercury 
will  answer  the  purpose.  The  interruption  of  the  circuit  by  water, 
unless  it  be  carried  to  a  great  extent,  does  not  prevent  the  action 
of  the  connecting  wire;  and  its  influence,  like  that  of  common 
magnetism,  penetrates  all  bodies  not  too  thick,  whether  conductors 
of  electricity  or  non-conductors. 

120.  If  an  unnriagnetized  steel  needle  be  placed  parallel  with 
the  connecting  wire  of  a  voltaic  battery,  and  nearly  or  quite  in 
contact  with  it,  the  two  sides  of  the  needle  become  endued  with 

Under  what  circumstances  is  the  most  powerful  exertion  of  magnetic 
force  disf)layed  ? 

What  form  must  be  given  to  the  magnet  in  order  to  exhibit  this  ? 

What  effect  proceeds  from  placing  over  a  compass  needle,  and  parallel 
with  its  direction,  a  wire  connecting  two  poles  of  a  voltaic  battery  f 

In  what  direction  will  the  two  poles  of  the  needle  move  when  the  wire 
MB  on  a  level  with  the  needle  and  parallel  in  direction  K 

What  change  of  tendency  vi'vU  airiae  from  carrying  the  wire  below  the 
needle  ? 
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Opposite  kinds  of  magnetism ;  one  side  being  attracted  by  the 
north  pole  of  a  magnet,  and  the  other  side  by  the  south  pole. 
Bat  if  the  needle  oe  placed  at  right  angles  to  the  connecting 
wire,  it  will  become  permanently  magnetic,  one  of  its  extremities 
pointing  to  the  north  pole  and  the  other  to  the  south,  when  it  is 
suspended  and  suffereid  to  vibrate  undisturbed. 

131.  Majnietism  may  be  communicated  to  steel  by  means  of 
electricity  m>m  an  electrical  machine,  evidencing  the  identihr  of 
the  cause  of  attraction  in  the  different  cases;  but  the  voltaic 
battery  is  more  conveniently  adapted  to  the  purpose  of  rendering 
steel  magnetic. 

139.  Among^  the  various  arrangements  for  the  superinduction 
of  magnetism  in  steel  bars,  one  of  the  most  efficient  and  useful  is 
by  inclosing  the  bar  within  the  coils  of  a  conducting  wire  twisted 
into  a  helix  or  corkscrew  form,  by  wrapping  it  round  a  glass  tube. 
It  will  then  in  some  degree  represent  a  polar  magnet,  and  a  bar 
of  steel  introdoced  into  the  central  cavity  of  the  helix  will  speed- 
ily become  hiffhly  magnetic.  The  wire  should  be  coated  with 
•ome  non-conducting  substance,  as  silk  wound  round  it,  as  it  may 
then  be  formed  into  close  coils  without  suffering  the  electric  fluids 
to  pass  from  surfece  to  surface,  which  would  impair  its  effect.  If 
inch  a  helix  be  so  placed  titiat  it  may  move  freely,  as  when  made 
to  float  on  a  basin  of  water,  it  will  be  attracted  and  repelled  by 
the  opposite  poles  of  a  common  magnet,  forming  a  kind  of  voltaic 
iiagnet.  M.  Ampere  describes  such  an  apparatus  under  the  ap- 
jpellation  of  an  Electrodynamic  Cylinder. 

133.  If  a  magnetic  needle  be  surrounded  by  coiled  wire  covered 
with  silk,  the  transmission  of  a  very  minute  quantity  of  electri- 
eity  through  the  wire  will  cause  the  needle  to  deviate  from  its 
proper  direction.  A  needle  thus  prepared,  therefore,  forms  an  in- 
strument adapted  to  indicate  trifling  degrees  of  electricity  pro- 
duced by  the  contact  of  metals,  by  slight  changes  of  temperature, 
or  by  any  chemical  action  of  one  body  on  another.  The  magnetic 
Beeale  thus  applied  has  been  termed  an  Electro-magnetic  Multi- 
plier. 

134.  Professor  Henry  and  Dr.  Ten  Eyck  have  availed  them- 
lelves  of  the  influence  of  voltaic  electncity  on  iron,  under  the 
Arrangement  above  described,  to  form  magnets  whose  powers 
Are  most  extraordinary.  Those  gentlemen  first  constructed  an 
electro-magnet  capable  of  supporting  the  weight  of  about  750 
pounds ;  and  they  have  since  formed  another  which  will  sustain 

ThroQ^  what  sabstaneet  may  the  voltaio  earreDt  be  trmntmitted  with- 
out affecting  its  influence  over  the  magnet  ? 

How  may  magnetism  be  communicated  by  the  electrical  current  ? 

Is  the  magnetizing  power  limited  to  electricity  from  any  particular 
source  ? 

Wbat  arrangement  gives  the  greatest  facility  in  producing  die  magnu 
tiam  of  steel  iMri  ? 

How  may  the  voltaic  magnet  be  constructed  ? 

What  name  has  Ampere  given  to  that  apparatus  ? 

How  is  the  eleoCrO*magnetio  multiplier  formed  f 


4§4  ^BLBOTBICITY. 

%M3  poiUMltt  <«  BMdy  m  ton.  It  eonnsto  of  m  bar  of  soft  icM 
ImbI  into  the  form  of  m  hofseshoe,  and  **  wonnd  with  lw«Btf4ix 
•tmds  of  oomer  beltwire,  corered  with  cotton  threads  each 
Ahtf-one  feet  long:  aboat  dghleen  inohee  of  tbe  enda  ara  left 
projeciinf  9  so  that  only  twenty-eii^t  feet  of  eaeh  actually  ear- 
Tonnd  the  iron ;  the  agg;iegato  lenBUi  of  the  eoila  is  theraibie  7S8 
feeU  Eaclfr  Btirand  ia  wouid  on  a  little  leaa  than  an  iadi :  in  the 
middle  of  the  horaeahoe  it  forma  thiee  thieknoaeea  of  wire,  and 
tm  the  enda,  or  near  the  poIea«  it  ia  wouid  ao  aa  to  form  aa,  thiek- 


135.  With  a  battery  of  4.79  aquare  feet,  the  magnet  «B|»orted 
the  weight  already  8taied«  9063  poonda.  The  effeota  of  a  larger 
battery  were  not  tiled.  It  iaduoed  masMitiam  in  a  piece  «f  eoft 
iron  ao  poweiinlly  aa  to  raiae  166  poniiaa*  When  two  faatteiiea 
wtte  employedf  ao  that  thajpolea  oonld  be  rapiditf  refened,  it waa 
ebyenrea  that  whUe  one  of  the  batteiiea  waa  ienofed«  the  anna- 
tara,  with  the  w^giue  aoapended  firgm  it,  amoontiag  to  B9  poonda, 
4id  not  fell,  thoagfa  the  ma^pnetio  infliMiiQe  mnat  for  a  moaunt 
have  been  hitenrnpled.  Una  aeemiai^  aorpiiaing  pheBoaneaoa 
la  ieadilT*explaiMd  by  adverting  to  the  obviooa  eonaidefalMNi, 
tint  die  {ntermption  and  rraewal  of  tiie  voltaic  eirenit,  and  eo—e 
qnent  magnetic  attraction,  xwcwpied  too  abort  a  apace  of  tiau  to 
admit  of  the  aimatare  becoming  stfflBkdently  -detached  finoaa  tiie 
polea  of  the  magnet  for  it.to  aink  beyond  ito  infloeotte,  befeaa  the 

.circoitv^aa  again  completed;  whereaa,  in  general,  ito  aetion«eaaea 
aa  Boon  as  the  circuit  of  eUctrieity  la  entuely  broken,  affording  a 
atriking  illoatratlon  of  the  nature  and  caoeee  of  magnc^iam** 

136.  If  any  further  evidence  had  been  requisite  to  prove  the 
analogy  between  electricity  and  magnetism,  it  might  be  derived 
from  the  discovery  recently,  made  by  Mr.  Faraday,  of  Uie  poesi- 
bility  of  eliciting  electric  sparks  from  the  common  magnet. 

137.  One  arrangement  for  effecting  this,  consisto  of  twelve  . 
sheer-steel  plates,  connected  together,  in  the  form  of  a  horaeahoe; 
with  a  keeper  or  lifter  made  of  the  purest  soft  iron.  Aronnd  the 
middle  of  me  keeper  is  a  wooden  wmder,  having  about  100  yaidfl 
of  common  threaded  bonnet-wire,  the  two  ends,  composed  of  four 
lengths  of  the  wire  twisted  together,  beinff  carried  out  with  a 
yertical  curve  of  about  ^  of  a  circle ;  one  of  these  twisted  ends 
passing  beyond  each  end  of  the  keeper,  and  resting  on  the  re* 

What  extraordinary  remits  have  been  obtained  in  the  induetion  of  magi- 
netism  by  Toltaio  currents  ? 

What  apparent  anomaly  was  observed  by  Messrs.  Henry  and  Ten  Eyck 
after  breaking  the  voltaic  circuit  ? 

How  is  it  to  be  explained  ? 

What  discovery  illustrates  most  forcibly  tlie  analogy  between  ekeCri- 
ci^  and  magnetism  ? 

What  form  of  magnet  baa  been  found  mosteonvenient  for  thispurpoae  ? 

Under  what  arrangement  and  operation  of  the  apparatus  are 
sparks  elicited  by  the  magnet  ? 

*  SUVimau^a  Xuv^r'^^au  )«vra»X  oC  Science. 
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spectiTe  poles  of  the  magnet.  A  small  wooden  lever  is  so  fixed 
as  to  admit  of  the  winder  and  keeper  being  suddenly  separated 
from  contact  with  the  ma?net,  when  a  beautiful  and  brilliant 
spark  is  perceived  to  issue  from  that  extremity  of  the  wire  which 
first  becomes  separated  from  the  magnet.  By  means  of  this  elec- 
tro-magnetic spark  gunpowder  may  be  inflamed. 

128.  Some  researches  have  been  made  relative  to  electro-mag- 
netism by  Dr.  Ritchie,  Professor  of  Natural  Philosophy  in  the 
University  of  London.  One  of  his  experiments  was  the  continued 
rotation  of  a  temporary  magnet  on  its  centre  by  the  action  of  per- 
manent magnets.  This  effect  is  produced  by  suddenly  changing 
the  poles  of  the  temporary  magnet,  and  thus  at  the  proper  mo- 
ment converting  attraction  into  repulsion.  The  instrument  used 
consists  of  a  series  of  soft  iron  cylinders,  having  ribbons,  or  ra- 
ther bands,  of  copper  surrounding  them,  in  a  similar  manner  as 
in  the  apparatus  tor  showing  the  detonation  of  oxygen  and  hy- 
drogen gases  by  the  electro-magnetic  spark.  The  cylinders  are 
made  to  revolve  rapidly  opposite  the  poles  of  the  permanent  mag- 
net, so  that  before  one  current  of  electricity  ceases  the  other  com- 
mences its  action.  By  a  peculiar  arrangement  of  the  apparatus. 
Dr.  Ritchie  succeeded  in  obtaining  a  series  of  sparks  from  the 
common  magnet,  forming  a  complete  circle,  appearing  in  the  dark 
like  a  lucid  ring  of  the  finest  diamonds.* 

129.  The  ma^eto-electrical  machine  of  Mr.  J,  Saxton,  an  in- 
genioQS  mechanic  of  Philadelphia  resident  in  London,  has  been 
constructed  by  Mr.  I.  Lukens  of  Philadelphia,  in  a  very  neat  and 
portable  form,  and  serves  to  demonstrate  the  nature  of  the  reaction 
Detween  magnets  and  electrical  currents.  It  consists  of  a  horse- 
shoe magnet  capable  of  supporting  about  10  pounds  laid  horizon- 
tal with  the  two  poles  at  the  same  level.  Through  the  bend  of 
the  magnet  and  between  the  two  poles  passes  horizontally  a  spin- 
dle, carrying  at  the  posterior  part,  next  to  the  bend,  a  small 
toothed  wheel  acted  upon  by  another  of  larger  diameter  turned 
by  a  crank.  This  spindle  also  carries  at  the  anterior,  and  just 
beyond  the  poles  of  the  magnet,  a  piece  of  soft  iron  bent  into  the 
form  of  a  horseshoe,  the  arms  of  which  are  at  the  same  distance 
apart  as  those  of  the  stationary  magnet.  This  is  connected  to  the 
spindle  through  the  intervention  of  a  disk  of  brass,  so  that  in  re- 
volving the  soft  iron  magnetic  poles  come  successively  in  contact 
with  those  of  the  permanent  magnet. 

130.  The  former  is  thus  successively  magnetized  and  neutral- 
ized, each  complete  revolution  performing  the  operation  twice 
over,  reducing  its  two  ends  to  the  condition  of  north  and  south 
poles  alternately. 

What  method  was  eroployed  by  Ritchie  to  produce  continued  rotation 
of  a  temporary  ma^^^t  ? 

In  what  manner  is  the  electric  spark  elicited  in  Saxton's  apparatus  ? 

Wbat  is  the  succession  of  magnetic  slates  in  which  Uie  keeper  is  found 
in  tliis  apparatus  f 

*  New  Monthly  Magazine  for  July,  1833,  p.  S66« 
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Tha  means  oTmuiifeBliiiK  theae  two  sUtes  eonsisU  bfa  woond 
oopper  wire  eociioliug  the  keeper,  and  having  its  two  ends  tef- 
minatiog,  Ae  one  in  a  copper  disk  on  the  apindle  exterior  to  the 
ke^er,  and  the  other  in  a  small  ciota-head  upon  the  same  axil. 
The  disk  revolvea,  having  a  small  part  of  its  lower  rim  imuiersed 
in  mercury.  The  croas-head  allernately  dipa  its  two  ends  into  the 
■ome  cup.  and  at  the  moment  of  rising  out  of  it  exhibits  a  bdl' 
liant  spai^.     The  whole  !■  supported  on  a  neat  mahogany  frame.* 

131 .  The  accompanying  figure  repreaenta  Mr>  Saxtoa'a  migneto- 
electric  machine. 


M  ia  the  horseshoe  magpet,  composed  of  three  flat  magrieta 
anited,  and  is  abont  9  or  10  inches  long;  a  is  the  axis  on  lAich 
revolTSB  the  keeper  K,  to  which  it  is  connected  through  the  inter- 
vention of  the  brass  disk  d,  and  at  the  other  end  the  pinion  h  afst 
in  motion  by  the  tooth  wheel  and  winch  H.  Round  the  keeper  K 
are  wound  several  coils  of  wire,  w,  all  terminating  in  the  two  so- 
parate  polar  wires  n  and  p,  of  which  the  former  is  made  to  paas 
longitudinally  through  the  wooden  axis  c  on  g  line  with  a,  but 
connected  with  the  keeper  by  the  rectangular  piece  of  brasa  r, 
and  then  serves  aa  an  attachment  for  the  little  croaa-head  ',  while 
the  letter  passes  along  the  oataide  of  the  wooden  axis,  and  join* 
the  copper  disk  c. 

e'w  a  nearly  spfaeiical  glaaa  cup,  3J  inches  in  diameter,  with 
its  niaath  turned  towards  the  magnet  to  receive  the  end  of  a  with 
the  copper  disk  and  cross-head.  liia  cup  is  supported  on  a  stem 
of  glass  moveable  up  and  down,  and  capable  of  being  fixed  at  the 


le  part  of  the  ap> 


*  For  ■  deHripcion  of  Sulon'i  ippuvlui  Ke  Joumul  of  the  FranUin 
Mljlute,  ToJ.iiii.  p.  lU  ;  and  tot  Uc.  I.  Gt«w>«  mwrtmeBti  via  It,  >e* 
e«nie  volome,  p.S». 
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lequirod  height  by  the  screw  «,  the  lower  part  of  the  cup  at  m  con- 
tains mercury ;  e  is  a  nut  and  screw  to  keep  the  cup  and  stand  in 
^ace. 

133.  Professor  Henry  of  Princeton,  New  Jersey,  has  constraci- 
ed  an  apparatus  for  exhibiting  in  a  temporary  magnet  a  recipro- 
c«tiQg  motion,  the  soft  iron  magnet  with  its  coils  of  wire  being 
suspended  like  the  beam  of  a  steam  en^ne,  on  an  axis,  and  fur- 
nished with  projecting  wires  which  dip  into  mercurial  cups  con- 
nected with  a  Yoltaic  hattery  at  each  end  of  the  apparatus.  The 
wires  are  so  arranged  as  to  change  the  poles  of  tne  soft  ma^et 
at  every  alternation  in  the  movement.  Each  end  of  the  soft  iron 
bar,  I,  plays  between  the  poles  of  a  permanent  magnet  curved 
into  an  elliptical  form  as  seen  at  M  M  in  the  figure. 


133.  The  north  poles  of  the  permanent  magnets  are  both  up- 
ward, and  when  the  projecting  wires  at  either  end  dip  into  the 
eup,  the  corresponding  end  of  the  soft  iron  becomes  a  south  pole, 
and  is  repelled  by  the  south  pole  of  the  ma^et  below  it,  while 
the  elevated  end  being  made  a  north  pole  is  likewise  repelled  by 
the  north  pole  of  the  other  permanent  magnet.  These  repulsions 
ave  so  vigorous  as  to  raise  the  wires  out  of  the  cups,  and  the  mo- 
mentum given  to  the  bar  throws  the  apparatus  beyond  the  hori- 
lontal  position,  so  that  the  wires  at  the  opposite  end  dip  into  their 
^[ipropriate  cups,  and  the  magnetism  of  the  soft  iron  bar  being  in- 
stantly reversed,  the  operation  is  repeated.*  The  zinc  element  of 
each  galvanic  pair  is  marked  z  and  the  copper  e.  The  poles  of 
the  two  elliptic  magnets  are  indicated  by  N  and  S  respectively. 
It  will  be  nnderstood  that  the  coil  of  wire  is  continuous,  and  all 

In  what  manner  has  an  aUemating  motioa  been  produced  by  combined 
Voltaic  and  magnetic  influence  ? 

To  what  states  are  the  poles  of  the  temporary  magnet  successively  re- 
doeed? 

Hoir  is  the  soft  magnet  made  to  raise  its  connecting  wires  from  the 
aDeroorial  enps  in  Prof.  Henry's  apparatus  ? 

What  is  the  best  form  of  apparatutfor  exhibiting  vivid  galvanic  sparks? 

On  what  circumstances  does  its  efficacy  appear  to  depend  ? 

*  See,  for  a  description  of  this  apparatus,  Silli man's  Amer.  Journal 
of  Science,  vol.  xx.  p.  S4fi.  The  above  figure  was  kindly  furnished  to  the 
editor  by  Prof.  Henry. 
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in  the  same  direction,  and  that  one  of  each  pair  of  projecting 
wires  is  the  immediate  prolongation  of  the  heUx^  while  the  other, 
a  straight  line,  comes  from  the  opposite  end  of  the  bar,  being  sol- 
dered to  the  wire  which  there  terminates  the  coil.  The  reverting 
of  the  magnetism  will  easily  be  understood  from  obserring  that 
each  end  of  the  helix,  as  P  P,  dips  alternately  into  a  cup  from  the 
copper,  and  then  into  one  from  the  zinc  element  of  the  galyanic 
pairs  G  G.  This  neat  and  ingenious  apparatus  will  continue  in 
action  for  a  long  time,  limited  indeed  only  by  the  durabilitjr  of 
materials  in  the  galvanic  circuits,  and  their  power  of  furnishing 
a  supply  of  electricit3r.  It  is  far  more  energretic  than  Deluc's 
pendalum,  or  any  similar  apparatus  depending  on  the  action  of 
what  is  called  the  dry  pile. 

134.  Professor  Henry  has  also  made  some  interesting  obser- 
vations on  the  power  oi  voltaic  conductors  to  exhibit  sparks  pro- 
portioned to  their  lengths,  breadths,  and  relative  arrangement  of 
parts,  from  which  it  appears  that  a  ribbon  of  copper  coiled  into 
a  spiral*  gives  a  more  intense  spark  than  any  other  arrangement 
yet  tried,  and  that  an  increase  or  lengrth  and  of  breadth  in  we  rib- 
bon gives  an  increase  in  the  effect,  but  the  limits  of  this  increase 
are  not  yet  ascertained.t 

135.  The  identity  oi  the  electric  influence  under  its  various 
modifications — whether  as  arising  from  the  excitement  of  elec- 
trics on  non-conductors  by  friction,  from  the  contact  of  bodies  in 
different  states,  the  one  being  positively  and  the  other  negatively 
electrified,  from  the  action  of  heat,  from  compression ;  and  in  its 
more  anomalous  forms,  as  in  the  production  of  meteorological 
phenomena,  of  animal  electricity,  or  of  magnetism,  from  circulat- 
ing currents  of  the  electric  fluids — ^may  be  regarded  as  havinj^ 
been  satisfactorily  demonstrated,  in  consequence  of  the  experi- 
mental researches  and  important  discoveries  of  modern  philoso- 
phers. 

136.  Most  of  the  topics  of  inquiry  just  mentioned  have  been 
already  noticed  in  this  treatise,  the  plan  of  which  prevents  the 
introduction  of  more  detailed  information,  for  which  the  reader 
may  have  recourse  to  works  of  greater  extent,  and  to  such  as 
are  exclusively  appropriated  to  the  discussion  of  the  branch  of 
science  now  under  review.  But  the  peculiar  effects  of  currents  of 
electricity  on  metallic  substances,  and  especially  steel,  inducing 
magnetic  attraction  and  repulsion,  and  the  application  of  the  mag- 
netic needle  to  the  purposes  of  navigation,  demand  some  further 
notice,  without  which  this  compendium  of  science  would  be  im- 
perfect. 

137.  The  general  properties  of  the  magnet,  whether  natural  or 
artificial,  and  the  affinity  between  contrary  poles,  and  antipathy 

What  general  truth,  in  regard  to  the  different  kinds  of  electricity,  may 
now  be  considered  as  demonstrated  by  modern  experiments  ? 

*  See  Treatise  on  JVfechomcs^'^Q.SKiRL^tiQl^. 
f  See  Journ.  oC  FrfinY\\u\t\iX.,No\.xN."^Al^, 


TERRESTRIAL   MAONETIsaf.  459 

between  those  which  are  similar,  as  in  the  case  of  bodies  posi- 
tively and  negatively  electrified,  have  been  already  noticed.  Na- 
tural magnets  or  mineral  loadstones,  though  sometimes  possessing 
strong  magnetic  power,  are  not  in  all  respects  so  well  adapted  for 
practical  porposes  as  bars  of  steel  artificially  magnetized ;  and 
the  latter  are  therefore  used  in  the  construction  of  the  mariner's 
ciMnpass,  and  other  instruments. 

138.  There  are  many  methods  of  inducing  permanent  ma^etism 
in  steel ;  but  one  of  the  most  simple  and  ettectuad  consists  in  pass- 
ing a  strong  horseshoe  magnet  over  bars  previously  hardened  and 
prepared.  "  If  bar  magnets  are  to  be  produced,  the  bars  must  be 
laia  in  a  longitudinal  direction,  on  a  flat  table,  with  the  marked 
end  of  one  bar  against  the  unmarked  end  of  the  next;  and  if  horse- 
shoe magnets  are  required,  the  pieces  of  steel,  previously  bent  into 
their  proper  form,  must  be  laid  with  their  ends  in  contact,  so  as 
to  form  a  figure  like  this  cp ,  observing  that  the  marked  ends 
come  opposite  to  those  which  are  not  marked ;  and  then,  in  either 
ease,  a  strong  horseshoe  magnet  is  to  be  passed  with  moderate 
pressure  over  the  bare,  taking  care  to  let  the  marked  end  of  this 
magnet  precede,  and  its  unmarked  end  follow  it,  and  to  move  it 
constantly  over  the  steel  bare  so  as  to  enter  or  commence  the  pro- 
cess at  a  mark,  and  proceed  to  an  unmarked  end,  and  then  enter 
the  next  bar  at  at  its  marked  end,  and  so  proceed. 

193.  After  having  so  passed  over  the  bare  ten  or  a  dozen  times 
on  each  side,  and  in  the  same  direction,  as  to  the  marks,  they  will 
be  converted  into  tolerably  strong  and  permanent  magnets ;  but  if, 
after  having  continued  the  process  for  some  time,  tlie  exciting 
maffnet  is  moved  but  once  over  the  bars  in  a  contrary  direction, 
or  u  its  S.  pole  should  be  permitted  to  precede  after  the  N.  pole 
has  been  firet  used,  all  the  previously  excited  magnetism  will  dis- 
appear, and  the  bare  will  be  found  in  their  original  state.  This 
seems  to  show  an  effect  of  circulation  rather  than  of  any  internal 
mechanical  arrangement ;  and  from  the  circumstance  of  a  stronger 
power  in  proportion  being  produced  in  thin  plates  of  steel  than  in 
thick  ones,  and  the  acquired  magnetism  being  diminished  by  rust, 
filing,  or  grinding,  it  appears  that  the  virtue  communicated  is  more 
external  than  internal.''* 

140.  That  a  suspended  magnet  will  become  fixed  in  such  a  di- 
rection as  if  its  opposite  poles  were  attracted  by  certain  points  of 
the  earth,  not  very  distant  from  the  north  and  south  poles  respec- 
tively, was  known  at  an  early  period,  but  it  is  somewhat  uncertain 

What  kinds  of  magnets  are  best  adapted  to  the  purposes  of  navigation  ? 

What  is  the  method  of  producing  bar  magnets  r 

How  are  horseshoe  magnets  placed  in  order  to  be  magnetized  ? 

In  what  manner  may  a  magnetized  bar  be  neutralized,  and  its  poles  re- 
versed ? 

What  facts  favour  the  supposition  that  magnetism  is  chiefly  oonflned  to 
the  sur&oe  of  a  bar  ? 

*  Report  of  Mr.  Millington*s  Leeturea  at  the  Royal  Institution  in  1818, 
published  in  Journal  of  Science,  vol.  vi.  pp.  8S,  83. 
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when  narigatoTs  first  arailed  themselyes  of  this  property  of  the 
magnet,  in  order  to  discoyer  the  points  of  the  compass  in  cloudy 
weather,  when  neither  the  sun  hy  day  nor  the  stars  hy  night  can 
aflford  them  any  assistance.  Some  writers  state  that  Marco  Polo, 
the  Venitian  traveller,  ahont  1360,  introduced  among  the  Italians 
the  nse  of  the  mariner^s  compass,  having  learnt  it  nom  the  CM- 
nese ;  but  it  is  more  commonly  regarded  as  the  invention  of  Flavio 
di  Gioja,  a  native  of  Amalfi,  in  the  kingdom  of  Naples,  who  says 
that  he  used  it  in  the  Mediterranean  Sea  in  the  thirteenth  century. 

141.  The  compass  which  was  first  employed  hy  European  sea- 
men, about  the  period  jpst  mentioned,  appears  to  have  been  a  very 
rude  instrument,  consistinff  of  pieces  of  the  natural  loadstone, 
fixed  on  cork  or  light  wood,  so  that  it  might  float  on  the  surfiice 
of  water,  in  a  dish  on  which  were  marked  the  cardinal  points  of 
the  compass.  At  present  the  mariner's  compass  is  more  accu- 
rately constructed,  under  various  forms  adapted  to  peculiar  pur- 
poses ;  but  in  all  cases  composed  of  a  small  flattened  magnetie 
steel  wire,  or  needle,  carefully  suspended  on  a  pivot  in  a  hori- 
zontal direction,  so  that  it  may  vibrate  and  revolve  with  the  least 
possible  degree  of  friction ;  and  when  intended  to  be  used  on  board 
a  ship,  it  is  made  to  hang  in  a  frame  which  preserveis  its  horizon- 
tal position  independent  of  the  motion  of  tne  vessel.  A  card  is 
placed  below  the  magnetic  needle,  on  which  are  described  two 
circles,  one  divided  into  360  degrees,  and  the  other  marked  with 
the  thirty-two  points  of  the  compass ;  and  thus  the  direction  of 
the  magnetic  poles  in  any  given  situation  may  be  ascertained  and 
noted. 

142.  There  are  several  ciroumstances  which  interfere  with  the 
regular  action  of  the  magnetic  needle,  and  to  which,  therefore,  the 
attention  of  the  mariner  must  be  directed  in  making  observations, 
and  performing  calculations  founded  on  them,  so  as  to  obtain  ex- 
act information.  These  are  chiefly  the  '*dip"  of  the  magnetic 
needle,  its  "  secular"  and  '*  diurnal  variation,"  and  Uiat  anomap 
lous  variation  that  long  puzzled  navisatore,  but  which  is  now 
supposed  to  depend  on  the  attraction  of  the  iron  used  in  the  con- 
struction of  a  ship,  or  any  other  portions  of  that  metal  which  it 
may  contain,  actinj^r  on  the  compass  and  disturbing  its  regiilar 
operation.  The  dip  of  the  needle  is  a  tendency  manifested  by 
either  pole  to  lose  its  balance  except  near  the  equator,  tiie  north 
pole  sinking  as  if  heaviest  on  the  nortii  side  of  the  equator,  ind 
the  south  pole  on  the  south  side.    As  it  is  of  importance  to  the 

To  whom  Ins  been  aaeribed  the  diieoveiy  of  the  direetive  inflaeaee  of 
the  earth  upon  saspended  maKnets  ? 

How  early  waa  this  priDeiple  applied  by  Gloja  f 

Of  what  did  the  compass  then  eonsist  f 

What  is  the  form  of  the  mariner's  compass  at  present  ased  ? 

In  what  manner  is  its  card  divided  ? 

How  many  circumstances  interfere  with  the  regular  aetion  of  tfie 
pass? 

What  i§  mesBt  by  the  dip  of  the  ueodU ! 
How  h  its  amount  to  be  aMeitMiied  \  r  — < :"  ~  ■- '.  . 
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sailor  to  be  able  to  estimate  the  extent  to  which  the  compass  may 
be  thus  affected  in  any  situation,  an  instrament  is  proTided  for 
the  purpose,  called  a  *'  dipping  needle,"  in  which  the  magnetic 
wire  is  suspended  in  a  yertical  direction. 

143.  It  has  been  already  observed  that  the  magnetic  poles  of 
the  earth,  qi  those  points  towards  which  the  poles  of  a  compass 
are  directed,  do  not  exactly  coincide  with  the  poles  on  which  the 
earth  performs  its  diurnal  reyolution ;  and  this  deviation  of  the 
magnetic  from  the  true  meridian,  is  termed  tiie  variation  of  the 
compass.  It  appears  to  have  been  first  discovered,  or  rather  ac- 
cnrately  observea  by  Sebastian  Cabot,  in  1497 ;  and  in  the  seven- 
teenth century,  Henry  Gtollibrand  ascertained  that  the  variation 
itself  is  subject  to  a  secular  alteration.  Thus  when  the  variation 
was  first  noticed  at  London,  the  needle  pointed  to  the  east  of  the 
true  meridian ;  in  1657  there  was  no  variation,  the  needle  pointingr 
exactly  north  and  south ;  it  then  progressively  veered  westward, 
having,  as  is  supposed,  attained  its  utmost  western  declination 
about  1818,  when  it  had  reached  24  deg.  36  min.  W. ;  and  it  now 
appears  to  be  annually  vei^ng  towards  the  east. 

144.  Hence  it  seems  not  only  that  the  earth's  poles  of  revolu- 
tion do  not  correspond  with  its  magnetic  poles,  but  also  that  the 
latter  are  not  stationary,  the  line  of  no  variation,  which  passed 
throng  London  in  1667,  now  crossing  the  continent  of  North 
America ;  to  account  for  which  it  has  been  conjectured  by  some, 
that  the  north  magnetic  pole  revolves  round  the  north  pole  of  the 
earth  in  about  644  years,  and  consequently,  in  1979,  the  line  of 
no  variation  will  again  cross  the  island  of  Great  Briain,  as  it  did 
in  1657;  for  if  the  period  of  revolution  of  the  magnetic  pole  be 
644  years,  half  that  period,  323 '-^f- 1657 » 1979  will  indicate 
nearly  the  next  return  of  no  variation,  while  others  supposing  that 
the  earth's  magnetism  is  due  to  the  electric  currents  excited  by 
the  heat  of  the  sun,  and  that  these  currents  produce  magnetizing 
effects,  the  resultants  of  which  are  in  the  points  of  greatest  cold, 
have  conceived  that  it  is  to  these  points  that  the  north  pole  of  the 
needle  is  directed,  and  that  as  such  points  may  vary  somewhat 
fjrom  age  to  a^e,  the  direction  of  the  needle  must  vary  with  them. 

154.  The  diurnal  variation  of  the  magnetic  needle  was  first  no- 
ticed by  Mr.  George  Graham,  who.  gave  an  account  of  his  obser- 
vations to  the  Royal  Society  in  1722.  It  amounts  to  several  mi- 
nutes of  augmentation  or  diminution  of  the  secular  variation,  at 
any  given  place,  in  a  day ;  and  it  appears  to  be  occasioned  by  the 
innuence  of  the  sun's  light  or  heat,  dr  perhaps  by  both.     Its  quan- 

What  is  meant  by  the  variation  of  the  needle  ? 

Is  th<i  variation  conslant,  when  we  eompare  it  through  long  periods  of 
time  ? 

Who  discovered  the  secular  altemtion  ? 

Give  the  history  of  this  alteration  as  observed  in  Great  Britain. 

When  was  the  (Jaily  variation  discovered  ? 

What  is  its  amount  ? 

On  what  dues  it  appear  to  depend  ? 

2  q2 
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lily  is  likewise  affected  by  the  seasons,  being  more  considerable 
during  the  sammer  than  in  the  winter. 

146.  The  intimate  connexion  between  electricity  and  magnet- 
ism, evidenced  by  the  very  important  discoveries  recently  made, 
affords  abundant  reasons  for  believing  that  the  polaritjr  of  &e 
roagrnetic  needle  must  be  liable  to  vanations,  from  the  influence 
of  certain  natural  phenomena.  Thus  some  observers,  and  espe- 
cially Captain  Franklin,  have  stated  that  the  action  of  the  needle 
is  impedcKl  by  Aurora  Borealis,  the  appearance  of  which  seems  to 
be  dependent  on  electricity ;  and  it  has  long  since  been  remarked 
that  atmospheric  electricity  often  powerfully  affects  the  magrnet.* 

147.  Another  curious  fact  is  the  induction  of  magnetism  by  the 
exposure  of  a  steel  wire  or  needle  to  the  violet  ray  of  the  solar 
spKectnim.  These  and  other  phenomena  recently  observed  ceiw 
tainly  indicate  such  a  connexion  between  heat,  light,  electrici^, 
and  magnetism,  as  affords  grounds  for  regarding  them  as  probably 
depending  on  a  common  cause;  and  the  very  curious  discoveries 
which  have  been  already  made,  and  the  striking  analogies  ob- 
served between  the  operations  of  nature  under  different  circnm- 
stanceSffurnish  abundant  inducement  to  contemporary  philosophers, 
and  indeed  to  all  who  feel  an  interest  in  the  advancement  of  sci- 
ence, to  pursue  the  track  already  opened,  with  the  fair  prospect 
that  the  assiduous  inquirer  will  be  ampler  rewarded  for  his  time' 
and  attention  to  these  most  important  topics  of  investigation. 

What  occasional  occurrences  influence  the  action  of  the  magnetio 
needle  ? 
What  relation  has  been  discovered  between  Uffht  and  nUiffnetum  ? 

*  ^  We  have  instances,*'  says  Professor  Winkler,  <*  that  inagnetie  nee- 
dles have  acquired  an  inverted  direction  by  the  violence  of  a  flash  of 
lightning,  the  north  pole  coming  to  be  the  south." — Elem.  ofJAU,  PhUot, 
vol.  i.  p.  331. 
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Cumming's  Electrodynamics. 

Cambridge  Physics,  treatise  on  Electricity,  Magnetism,  and 
Electro-magnetism. 

Library  of  Useful  Knowledge,  treatises  on  the  same  subjects. 

Singer  on  Electricity,  1  vol.  8vo. 

Priestly  on  Electricil^,  1  vol.  4to. 

Franklin's  Philosophical  Papers,  1  vol.  8vo. 

Faraday's  recent  Hesearches  in  the  Transactions  of  the  Royal 
Society. 

Becquerel,  in  the  Annales  de  Chimie. 

Thompson  on  Heat  and  Electricity. 

Berzelius's  Chemistry,  (Fr.)  vol.  i.  article  Electricity.  Paris 
edition 
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vessel  of  a  Ibicing  pump,     .  218' 
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Atmosphere,  height  of  a  ttnifimn,  206 

extent  oC  .  207 

density  o£  by  La- 

plaoiB,.  .  206 

adhesion,  prodooed 

by,  .  209 

Atmospheric  refhiction,  .  365 
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wheel,  .  202 
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compound,  .  203 
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Battery,  voltaic,  .  .        .  440 
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Beer,  fermenting,  eAct  (^  .  .194 
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smith's,  ....  192 
Bemouilli  on  human  strength,  .116 
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Bodies,  falling  laws  of, 

projected  upwards, 
elastic  and  inelastic, 
Bonesof  the  ear, . 
Books  on  acoustics, 
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Candle  may  be  riiot  tlinNigh  a 

plank, 23 

Canton  on  compression  of  water,  185 
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trurft 390 

of  thin  plates  and  rings,.  399 
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Combustibles,  ....  287 
Combustion,  a  source  of  moving 

power, 114 

Components  of  oblique  forces,  31, 32 
Compass  needles,  .  460 

variations  of  the,  .  .  461 
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gravity, 67 
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Daniel  on  the  pyrometer,    .        .  298 
on  quantity  of  rain  fall* 
ing,     .  .       «  142 
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Desaguliers  on  human  labour,  .  116 
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jar,     ....  434 
machine,     .        .  429,431 

Electric  fluid,  .421 
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tive, .  .423 

Electrics, 427 
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Electromagnetiflm  explained. 
Electromagnetic  cylinder,  . 
inducti<Mi, 
Electromcrter,      .       ■       .       . 
Electroscope,       .        .        .        . 
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Elephants,  strength  of, 
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Edier,  boiling,  freezes  water, 
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Euler  on  Barker's  mill. 
Eustachian  tube, .... 
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Fire  engine 

Fishes,  air  bladders  in, 

^  electric,   .       .       .        • 
FlMi,  comparative  strength  oC     • 
Float  boards,  direcUoo  of,   . 
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Fluid,  electric     ....  421 
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imponderable,  .  •  .16 
magnetic,  how  used,  .  16 
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Fly  wheel, 104 
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Focus  of  a  mimnr,  .  356 

lens,  ....  370 
Forcing  pomp,  ....  217 
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Force  of  traction,        .  .  118 

or  impetus,  how  estunated, 
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composition  ot, 
union  of|  in  one  line, 
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magneto-electric  sparks,  454 

on  vibraring  plates,       .  252 

Fata  Morgana,     ....  353 
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Fountain,  Hero's,        .        .        .193 

Fountains,  submarine,         .        .  144 

intermitting,       .        .214 

Four  elements,    ....  149 

Franklin  on  leamins  to  swim,    .  157 

pouring  oifon  the  sea,    171 

electrical  kite  of,  .        .  226 

theory  of  electricity  by,  422 

Freezing,  artificial  mode  oC        •  306 

French  horn,        ....  259 

Friction, 20 
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angle  of;        .        .       .  Ill 
wheel,   ....  Ill 
Fro^  electrified  after  death,       .  437 
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Fulcrum,     .....    75 
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Otoget,  tain,  their  oonitnietioii,p.  142 
Gtripuy,  apjdication  of  uphotis,  .  214 
Gay,  LcuMtc,  balkxm  aacennoii, .  222 
Game,  different  kinds  of,  .  .  183 
their  power  of  ocmdacting 
Bound,  ....  239 
Gattoni  abbate,    .  .       .  260 

Galvani*!  discovery  in  electricity,  419 

Galvanism, 436 

Geometricallines,       ...      9 

Gilbert,  Dr. 418 

Oianf  s  harp,  .       .  260 

Glasses  broken  by  sound,    .       .  251 
Globular  ibrm  ofliquid  maases,  .  165 

Glottis, 262 

Glow  worm,        ....  336 
Goat  employed  in  mechanical  Uu 

boor, 120 

Gold,  rlobe  of,  compared  to  the 

earth, 39 

Gongs  used  in  China,  .  .  256 

Governor  (or  machinery,     .       .  105 
Gray's  electrical  discoveries,      .  419 
Gravity,  cause  oC  unknown,       .    1 1 
affisctsaU  bodies,   .      20,38 
centre  of,  .66 

preventi  peipetual  mo- 
tion,   .       .        *       .    20 
a  genmral  moving  fim^, .    36 
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influence  oC  by  Cavendish,  41 
its  direction,  .  41,  42 
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counteracted  by  centri- 
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determined  by  pendulums,  63 
of  mountains,.  .    40 
experiments 
on,  .       .40 
mtensity  of,  at  London,  .    90 
centres  of,  how  deter- 
mined,                      .67 
acfii  as  a  moving  power,  113 
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masses,  .  166 

causes  the  flow  ofliqulds,  168 
ofw,     ....  182 
Grindstones  split  by  centrifugal 

force, 59 

Guinearand  feather  experiment, .    38 
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handle,     .  .26 
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Handmill, 104 

Hare'a  litrameter,  .  150 
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sources  ot  .  .  280 
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produced  by  friction,  .  .  285 
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specific,      ....  304 
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bodies, .    51 
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Hero's  fountain,  ....  193 
Herbert  on  expansion, .               .  30O 
Herachel  on  solar  heat,                .  280 
on  thin  plates,              .  400 
l£ero's  crown,  fraud  in,  detect- 
ed,   150 

Hiah  pressure  steam-engine,  .  817 
Hiidrath  on  the  dcadae,  .  261 

Hogshead  burst  by  a  small  tube,  133 
Home,  Sir  E.  on  the  fly's  foot,  .  209 
Hollow  cylinders,  strength  of,  .  113 
Horn,  French,  ....  257 
Horse  power,  standard  of,  .  .118 
Horses,  strength  ol^  .  118 

Humours  of  me  eye,    .  .375 

Human  body,  stability  oC  •  •  70 
Humboldt's   description  of  car- 

gueros, 117 

Humboldt  on  equatorial  climates,  282 

Hunter's  screw,  ....    97 

Hunting  cog,  .101 

Huy gens'  are  of  isochronism,      .    61 

Hydraulic  machines,  .  .  172 

ram,   ....  VTf 

Hydraulics,  science  o^  .  166 

books  on,  .  .  179 

Hydrogen  applied  to  aerostation,  221 

Hydrometer,        ....  163 

Hydrostatic  balance,   .  .  168 

paradox,  .  .  132 

press,  •  19€ 

iHydrostatios,  aciaaoa  Qf>  .  .       .  VVl 
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foe*  efitct  ot,  in  preventing  fric- 
tion, .  .      jp.  109 
evaporated  at  low  tempera* 

ture« -908 

Iceland  Bjpar,        ....  404 

Imaget,  doable  hy  refhictioa,      .  404 

formed  by  leneee,   .       .  378 

in  a  dark  room,  .  340 

in  plane  mimwi,     .       .  350 

in  a  concave  mirror,       .  360 

fnpenetrability  of  air, .  .  180 

Imponderable  fluids,   .       .        .16 

Imprenioni,  durability  o^  .       .  381 

Imps,  bottle,  .191 

buaindetcenee,    ....  879 

Incidence,  angle  o^  .  364 

lodined  planes,  .  .91 

motionaon,        .    53 

Induction  of  electricity,  .  487 

Index  of  refVaction,  .  365 

Inertia,  nature  of,  .80 

Inooercible  fluids,  .    16 

Inflaming  point  of  vapours,        .  337 

Ingenhouz,  Dr.  cm  coiiducti<m  of 

beat, 381 

Inaecti^  sounds  produced  l^,  .  861 
eyesof^  ....  373 
Insensible  spots  on  the  retina.  .  383 
Interference  of  liquid  particles,  .  167 
Inmlation,  electncal,  .  .  487 

Invariable  stratum,     .  884 

Invisible  lady,     .        .  .871 

Iris  buttons,  ....  403 
Isochronism  of  pendulums, .  .  61 
Italian  mumcal  scale,  .  .  848 

Ivory  compressed  by  collision,    .    84 

Jacobi,  Barbara,  ventriloquist,  .  274 
far,  Leyden, .       .       ,  .  433 

Jew's-harp,  .       .      • .  .  857 

Kaleidoscope,  structure  oC  .  •  350 

Kempelen's  automaton,  .  865 

Eillarney,  echo  at,      .        .  .  869 

Kite,  paper,  its  mode  of  acticm,  .  826 

Knife  used  by  drugvists,     .  .    79 

Kratzenstein  s  vocal  tubes, .  .  864 

lAbyrinth  of  the  ear,  .  .  831 

Labour,  human,  .  .116 

Lacerta  eecko,  ....  809 
Ladder,  now  raised,    .  .80 

tiama,  power  of,  .  .  180 

Lamp  glasses,  sinumbxal,    .       .  367 

Lapwing, 861 

Laplace  on  density  of  air,  .  .  808 
i[Atentheat,         ....  306 

Larvnx, 868 

Lame,  tuminc,  ....  80 
X^fProTcajTmlMtrttiodon,       .   8B 
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371 

394 

189 

74 

7ft 

76 

78 

78 

M 

438 

817 


Laws  of  ftUing  bodies,  p.  48 

motion,  bv  Attwood, 
Leaden  ball  equsl  to  the  atmos- 
phere, 
Leaning  towers,  . 
Lemon  squeezers. 
Lengths  of  pendulums, 
Lansem  buining,. 
optical,   . 
convex,  . 
concave, . 
achromatic,     . 
Levelling  instrument, . 
Lever,  proMrties  o(^    . 
moae  of  its  action, 
the<Mry  o^. 
orders  o£ . 
progressive,     . 
compound, 
Leyden  phial. 
Lifting  pump, 

light  and  heat,  cause  oCunknowB,  18 
interrupted  by  the  air.  .  334 
transmisiion  oC  .  .  335 

velocit;^oi;  .338^348,344 
moves  m  risht  lines, .  .  339 
intensity  oi^owdiminishea,  840 
theory  oC  .  .  386 

Lightning  identical  with  electri- 
city, .       .  419 
rods,   ....  436 
Liquid  substances  defined,  .        .    15 
pressure  on  container,     .  137 
Liquids,  properties  of, .        .        .188 
and  solids,  how  diflleient,  183 
form  of,  in  large  masses,  184 
weight  and  pressure  <^, .  189 
equal  pressure  oC  •        .  136 
dimrent  in  density,        .  148 
impact  of,  .  173 
conduct  heat  imperfectly,  388 
produce    electricity    by 
inction,                      .  485 
Liquors  bottled  in  condensed  air,  827 
LitrameterofDr.  Hare,               .  150 
Loadstone,  natural,                      .  450 
Locks  on  canals, .                .  146, 147 

Locusts, 861 

Ludoirs  electrical  discoveries,    .  419 
Lukens'    magneto^lectric    ma- 
chine,        455 

Lununous  bodies,  .  333 

Lunar  bow 398 

Lyon's  account  of  arctic  d(^i,     .119 
Lyre,  acoouAtof  the,  .  .854 

Machine,  Attwood'a    .  .51 

eflbcts  of,  how  investi- 
gated, .    7B 
'  tomi^lex^                   .96 
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Machine,  compound,  how  esti- 
mated, .  .  f.  105 
usefulneno^  •  .112 
Mainspring  of  a  watch,  .  .  86 
Magic  lantern,  ....  415 
Magdeburg  hemispheres,    .        .197 

Magnetism, 450 

terrestrial,  .  .  459 
Magnetizing,  ....  459 
Malos  discovered  jiolarizatioo,  .  406 
Maskeleyne,  experiments  of,  .  41 
Bfasses  and  velocities   produce 

momentum,  .        .        .21 

Mast-head,  bell  dropped  fiom,  .  34 
Materials  used  in  the  arts,  .  .  112 
Maximum  density  of  water,  .  902 
Mechanics,  nature  of,  .  >    17 

necessi^of,  .  .  17 
Mechanic  powers,  .       .72 

Media,  refracting,        .  .  964 

Medium,  resistance  of,  to  motion,  19 
Mechanical  use  of  the  gases,  .  184 
Melville  Island,  ....  282 
Meniscus  lens,  ....  372 
Mercurial  gauge,  .187 

Metals,  polishM,  bed  radiators,  .  331 
Metronome,  Maelzell^s,  .    65 

Bficrometer  screw,  .96 

Bficioscope,  simple,     .  .  411 

compound,  .412 

solar,  .  416 

lucemal,  .  .  417 

Middle  C  of  the  piano  forte,  .  249 
Blill,  Barker's,     .  .176 

BGnerals  luminous  after  heating,  338 

Mirage, 351 

artificial,        .        .        .352 

Mirror,  plane,      ....  349 

concave,  efibcta  of,  .        .  359 

Chinese,  ....  357 

burning,  ....  328 

Bliztores,  calorific,  .  288 

fnjorific,      .  .307 

Blobility  demied,         .  .18 

how  estimated,  .    18 

Bifoccia's  power  of  floatin|^,         .  156 

Molard  restoring  the  position  of 

walls, 289 

Momentum,  how  estimated.        .    72 
of  power  and  resistance,  78 
Montgolfier's  hjrdraulie  ram,       .  177 
balloon, .       .       .  221 
Moon  seen  throuch  clouds, .        .    18 
phases  of  me,    .                .  316 
Morveau  on  Wedgewood*s  pyro- 
meter,       298 

Motion  rrauires  an  active  eanse, .  19 
arocted  b^  inertia, .  .  2] 
diflbrent  lands  o(  .  .97 
direction  of,     .       .       .27 


Motion  accelerated,  .  .  jp.  96, 47 
on  inclined  planes, .  .  52 
rotatory,  ....  99 
conversion  of^ .  .  .  101 
of  liquids,  how  caused,  .  166 
in  distant  bodies,     .        .  380 

Moving  bodies,  .  .  .  .25 
fiHce,  oblique,  .  .  35 
powen,  ....  113 

Muschenbroek*s  jar,    .       .       .  432 

Nairae*s  electrical  machine,       .  429 
Natural  pliilosophy,  object  of,     .    14 
K>rces  produdnff  motion,    72 
Nature  supposed  to  abhor  a  va- 
cuum,        199 

Navigation  of  rivers,   .       .       .  146 
Newcomen's  ennne,   .  .  314 

Nevrton*s  laws  of  curvilinear  mo- 

ticm, .       .       .       .28 
cause  of  planetary  mo- 
tions, .38 
theory  of  Ught,     .        .386 
error  respecting  disper- 

si<m,  .       .  393 

experiments  on  colour- 
ed rings,  .  .  400 
Niagara,  cataract  of.    .       .       .  145 
Nighthawk,  noise  of^  .  *  261 
North  pole,  weight  of  a  body  at 

the 45 

Notes,  musical,    ....  247 
Nut  crackers,       ....    79 

Oblique  action,    ....    88 
Octave  organ  pipes,     .  .  244 

Oersted,  water  compressed  hy,    .  126 

discovers  electromagnet- 
ism,     ....  425 
Oil,  efifect  of,  in  calming  ripples, .  171 
Opaque  bodies,    ....  407 
Optical  axis,         ....  404 

instrument,    .  .  407 

Optics,  science  oC  •  333 

works  on,.        .  .  417 

Orbits  of  the  eyes,       .  .375 

Ore,  a  mode  of  raising,  .    86 

Organ  pipes,  length  of,  .244 

Oscillation  of  pendulums,    .       .    59 

centre  of,   .        .        .64 

Otto  Guericke's  air-pump,  .        .  190 

hemispheres,     .  198 

Ovenftiot  wheel,  ....  175 

Oxen,  power  of,  .  .       .  120 

Oxyfaydrogen  nueroeoope,   .       .  417 

Pacos,  power  of,  .       .  •  120 

Faganini, 265 

Papin's  digester,  .       .       .       •  311 
Psnchute,  ....  223 
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201 

204 
60 
6] 
62 

103 


Ptmdox,  hydrostatic,  .  ;>.  132 

PuaMlene  and  Furhelia,  .  .  353 
Parallelogram  of  forces,  .  .  30 
Parallelopiped,  tides  oC  •    33 

Piirallel  motion  of  Watt,     .       .  102 
Pascal,  discovery  of  in  hydrosta- 
tics,       .       .       •       . 
OQ    barometnc    measnre- 

mentSf    . 
experiments  on  liquid  co- 
lumns,  .... 
Pendulums,  osciUatioa  ol^  . 
weight  (rf^ 
length  of^ 
compensating,  . 

Penumbra, 345 

Percussion  and  preamre  ccnspa- 

red, 

Perkiiis,  steam  boiler  oC  • 

on  compressibiUty, 
on  oonaensation  of  air,  . 
Penm  on  human  labour, 
Persian  wheel,     .... 
Phases  of  the  moon,    . 
Phantasmagoria,  . 
Phantasmascope, .... 
Philoeophical  mquiry,  limits  of;  . 
Philosophy,  natural,  arrangement 

o^    . 
defined. 
Phosphorescence  of  matter, 
of  the  sea, 
Physical  sciences,  province  of,    . 
Piezometer  of  Perkins, 
Pincushion  and  cannon  ball  com- 
pared, 
Pile,  electric, 
voltaic. 
Pinion  and  wheel. 
Plane,  inclined,   . 
Plaster  of  Paris,  mirron  made  of, 
Plates,  colours  of  thin, 
Pliny  on  speaking  nightingales, 
Pinviameter  or  rain-gauge, . 
Pneumatics,  science  of. 
Polarization  of  li^ht,    . 
Polarity,  magnetic,  by  light. 
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312 
126 

180 
118 
173 
346 
416 
382 
13 

14 

11 

335 

337 

14 

127 

23 
444 
439 

99 
53.  91,  92 
328 
399 
266 
142 
179 
406 

..      „        .    ,    ^    .  462 

Polyedrons, .        .        .  -10 

Pompeii,  lead  iMpes  used  in,  .  140 
Porters,  strength  o^  .  .  .117 
Potter's  wheel,  ....  59 
Power  or  impulse  defined,  .  .  21 
when  counterbalances  re- 
sistance,  .  .  .  105 
Pbwers,  mechanic,  division  of,  72, 73 

moving 113 

Press,  hydrostatic,  .  134 

Pressure  on  curved  surfitoes,      .    55 

and  percussion,     .       .    93 

centre  of,      .       .       .  137 


Pressure,  hydrostatic,  .        .      j^  131 
of  air  on  the  body,        .  206 
Prince,  Dr.  improved  theair>pnnq>,  196 
Printing  pre«,  Russel,  .    88 

Prisms,  defined,  .  .11 

refracting,  .  385 
Ph>teus,  suppoeea  meaning  oC  •  14 
Pumps, 214 

with  holes  in  the  soction 
pipes,  .  .216 

liffinfr,     .  .216 

Pulley  described,  89,90 

compound,  .       .91 

Pupil  ofthe  eye  dilated,  .  .376 
Puy  de  dome,  experiments  on,  .  201 
Pyionomics,  .       .  277 

Rack  and  pinion,  .  108 

Radiatioo.  ....  327,330 
Radius  of  curvature,  .  .57 

Railway  planes,  ....  92 
Rain,  how  retarded,    .  .141 

quantity  of  estimated,         .  141 
gauge,        ....  142 
quanti^  of  in  diflerent  coun- 
tries,      ....  143 
Rainbow  explamed,     .       .       .  396 
Rarefiiction,  degree  oC       .  188—195 
Rays,  efficacious, ....  396 
refracted  by  drops,    .        .  396 
Reaumur's  thermometer,     .        .  294 
Receiver  fixed  to  air-pump,         .  197 
Reciprocating  motion, .        .        .  101 
Reflation  of  machinery,    .  102,  103 
Remdeer,  labour  performed  by, .  120 

Remora, 210 

Rennie  on  stren|rth  of  granite,  .  112 
Reed   suspended    l^  hair  and 

broken, 26 

Reflected  motion.        .        .        .28 

Reflection  of  sound,     .  .  266 

of  light,       .  .348 

by  thin  plates,  .  401 

atmospheric,  .  351 

from  concave  surfaces,  358 

iirom  ccmvex  surfaces,   354 

Refractioii  of  light,      .  .363 

ancle  of,     .  .  364 

index  of,    .        .        .  365 

•   double,      .        .        .  403 

negative  and  pontive,  405 

Refractive  power,  .  391 

Refrangibibty  of  colours,     .        .  388 

Resiliency, 24 

Resistance  defined,  .21,72 

as  related  to  power,  .  21 
Resinous  electrici^,  .  .  .  423 
Resonances,  ....  253 
Resolution  of  forces,  .  .  .35 
Resultant  of  oblique  forces,  31 
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JIfliiiltaiit  of  three  or  more  Ibroei,  p.  32 
Retina  of  the  eye,  .341 
Rioodiet  motioo  on  water,  .  .  188 
Rider  in  a  circus,  .34 
Ring!,  o(^oured  of  Newtoo,  .  400 
Rigidi^  of  cordage,  .  .111 
Ritchie  8  magneto-electric  appa- 
ratus,         455 

RodcetB,  tky,  ....  225 
Rolling  friction,  ....  110 
Roman  aqueducts,  .  140 

Romam  undentood  .bydrartatic 

pressure, 140 

Rope  pump»         ....  173 

terry  boat,  ....    35 

Rowing,  laboar  in,  .  117 

Roeuer  and  Romain,    .  .  228 

Rumlbrd, 278 

OQ  heating  by  friction,.  886 

calorimeter  oC     •       •  305 

Russel  press,       ....    88 

Sadler  the  aeronaut,    .  .  222 

Sails  set  to  receiye  a  side  wind,  .    35 
of  a  windmill,  ...    35 

Saint  Bernard,  mount, .  .  283 

Sand  on  vibrating  plates,  .  .  252 
Santorio*s  thermometer,  .  293 

Sappharina  indicator,  .  .  .  337 
8azlon*s  electro-magnet,  .    55 

Soale  of  musical  composition,     .  245 
diatonic,    ....  246 
Scales  for  weighing,    .  .81 

Scoriae  float  on  melted  metals,  .  158 
Scott,  (Sir  W.)i  insensible  to  mu« 

sic, 842 

Screw,  properties  of,    .  .94 

Hunter's, .        .        .        .97 
efliciency  of,     .       .        .95 
Sealing-wax,  electrical  slate  oC  •  424 
Seconds'  pendulum,    .  .64 

Seeds  conveyed  throu^  die  air,  218 
Seesaw  used  as  a  maclune,.        .    75 

Shadows, 345 

fittiarp  castings  of  iron,  .  302 

Shuckburgh  on  specific  gravity,  .  152 
Sight,  how  assisted,  .  .  .15 
Siphon,  invested  with  mereury 

and  water, .                .  149 
principle  of  the,    .        .  212 
Wirtemberg, .               .213 
Slinff,  principle  of,        .        .      56,  58 
Smoking  through  die  ears,  .       .  232 
Smdce  ascending  in  air,              .    37 
descend  when  coded,    .    37 
and  ballomi  near  each  <rther,  38 
Smoothness,  only  apparent, .       .  109 
Snow  eyes,  used  by  the  Esqui- 
maux,        411 

Snow  melted  by  black  eardi,      .  331 


Soda  water,  .     p.l9i 

Solid  bodies,        ....    15 
RpueB,  .10 

Solids  immersed  in  fluids,  .       .  138 
pressed  bv  liquids,    .       .  171 
Soniferous  undulations,       .       •  235 
Sonorous  bodies, ....  843 
Sound,  medium  oC      •       •       •  233 
inaudible  in  vacuo, .       .  233 
propaipted  tfaroush  solids,  234 
vibrations  caused  by,       .  234 
diminished  by  distance,  .  237 
inveiselyas  square  of  dis- 
tance,  ....  238 
veloci^  oC       .       .       .238 
conducted  by  water,  ,     .  239— 
transmitted  by  solids,       .  840 
interference  ot,  .  831 

reflection  oC    •       •       •  866 
concentrated  by  a  sail,    .  870 
G^pace,  relative,  defined,     .       .    15 
Spaces  described  in  fidlin|f,        .    48 
as  square  of  velocities,    .    50 
relative  to  povrer  and  re- 
sistance, .  106 
Sparks  from  vdtaic  appaiatos,    .  445 
Speaking  trumpet,  .  878 
Specific  gravi^,  by  the  siphon,  .  ISO 
table  oC    .       .  158 
of  persoos,        .  155 
Specific  heat,      ....  304 
Spectacles,  .....  407 
Spectre  of  the  Brocken,              .  361 
Spectrum,  solar,  ....  385 
Spina,  inventor  of  spectacles,      .  407 
Spiral, .....  95 
Spirit,  level,        ....  139 
Sponge,  principle  of  its  actioo,    .  164 
Stable  equilibrium,             .       .71 
Stability,  area  of,.               .       .70 
Statics  defined,    .       .       .       .17 
Statera,  Roman,  ....    88 

Steel-yard, 88 

Steamboat;  inm,  ....  160 

Steam,  temperature  oC        •       .311 

-  engine  of  Watt,  .  318 

ennne  of  Evans,     .       .  319 

bouen  pTmected  upwards,  885 

Stewart  on  ventriloquism,  .        .  273 

Stockenschneider  on  heating,      .  286 

Stcmehenge,         ....    98 

Strength  of  materials, .  .  118 

StrinsB,  musical,  ....  243 

Sun  blind, 85 

the  fountain  of  heat,  .       .  280 

influence  of,  on  climate,     .  288 

Sorfiices,  convex  motions  on,      .    55 

Sultzer's  discovery  on  metallio 

efiects, 4S7 

iSu8pennQin,v^^^>  *       *       ^  ^^ 


importanoe  oil  , 
fringe,  eiJMniOTng,    • 

lHbleor&mu[bodMf. 

■peofi?  cravttiii. 
Tvide  of  pnllifla,        « 

Tile  liqiMiir* 


ranufamL. 
TimpentiirM  obtinind  IqriQIiiuel, 


1lMniidiBelier»     •       «       « 


XliMoffiainiybodjM, 


•« 


apimil 


fliDttiniiii& 

♦  • 

iunpM  tb«  barome- 

■HTf    •  •  •  • 

T9i^ricelUan  tabes, 
ToniiiamentB,  ooltiiioQ  in. 
Torpedo,  explosive,     . 

electric 
Towen,  leaning, . 
Traction,  force  of. 
Transmitting:  motion,  . 
iWuparentbodies.     . 
IVansparencv  of  media. 
Tread  wheef, 
Taba  stentorif^onica, . 
Tubes,  safety,  Watson's, 

capillary, . 

long,  retard  flowing  water, 

of  adjutage, 
Tunics  of  the  eye, 
Tuning  forks, 
Twilight,     . 

Undulations,  theory  of 
Uniformly  moving  bodiee; 
Unstable  equilibnum, 


Vacuum,  perfect,  unattainaUe  in 
the  air-pump^    . 
nature*s  ahhorrence  of| 


the  air-pump^ 
9iture*s  ahhoi 
Vaporisation, 


Variation  of  gravity,  measured, 
ttie  campaaih    • 


jilW  VeiDdlarbalbraaiidafi«riiD|iMCji.tl 
•  157  of  movinc  bodiiB, .       .    Sft 

187  maasund  by  time  and 

space,        .       .       .   S6 
48, 51  d«a«es  oC  piodaoed  by 

lfi8  fidlina,       .       .       .   4t 

91  icquind  to  pngect  bo* 

819  dies  to  dM  moon,      .    46 

212  aci^uired,  .47,41 

998  on  mdined  planoib       •    M 

418  angular,         ...    07 

414  nMnmum  in  a  jet  of 
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RECENTLY  PUBLISHED  BY  E.  C.  BIDDLE, 

No.  23,  MINOR  STREET. 
BilRIAM,  OR  THE  POWER  OF  TRUTH 

BT  THE  AUTHOR.  OF  **  INFLUENCE.** 

This  ttile  is  peottataediy  founded  on  an  **  uieedote,  said  to  be  a  well-atteeted 
fact,  of  an  American  Jew  converted  to  Christianity  by  the  death  of  his  only 
child,  a  beautiful  girl,  whom  he  had  reared  with  no  common  care  and  efflsction. 
She  embraoed  the  Cfarittian  faith  unknown  to  her  fether,  until  with  her  dying 
lips  she  confessed  to  him  her  apostacy  from  Judaism,  giving  him  at  the  same 
time  a  Testament,  with  a  solemn  injunction  to  believe  in  Jesus  of  Nazareth.** 

This  outline  is  ingeniously  and  skilfUlly  filled  up,  and  a  tale  of  deep  interest 
is  produced.  Inhere  are  many  passages  of  deep  pathos,  and  the  argument  for 
Chnstianity  adapted  to  the  Jew8,  is  happily  sustained.  We  think  the  {deasure 
and  instruction  which  the  book  is  calculated  to  aflbrd,  will  well  repay  a  perusal. 
— 7%«  PretbfUrian. 

The  style  of  writing  in  this  volume  is  simple  and  beautiful,  as  the  story  is 
affecting.— Boston  Traveller. 

The  book  has  enough  of  fiction  to  enliven  the  fancy  and  gratify  the  curiosity 
of  youth,  who  might  not  otherwise  read  it ;  while  it  conveys  lessons  of  pie^, 
and  arguments  for  the  man  of  understanding.  We  wish  that  many  a  lovely 
Jewess  could  be  persuaded  to  read  "  Miriam." — The  Philaddpkian, 

The  work  altogether  deserves  to  stand  high  in  the  class  of  productions  to 
which  it  belongs. — Eftitccpal  Recorder, 

When  we  see  a  book  which  bears  the  imprint  of  Key  &  Biddle,  we  are  always 
Mure  to  see  a  handsome  one.  In  this  case,  we  can  give  as  high  praise  to  the 
matter  as  we  can  to  the  mechanical  execution. 

**  Influence"  was  one  of  the  very  best  of  that  class  of  religious  novels  lately 
so  prevalent  in  England ;  and  its  gifted  young  author  has  even  improved  upon 
herself,  in  this  affecting  and  powerful  story.  8he  has  taken  that  touching  inci* 
dent,  well  known  through  the  medium  of  our  tracts,  of  a  Jewish  maiden  who, 
on  her  dying  bed,  won  over  her  reluctant  father  to  the  religion  of  the  Jesus  he 
despised. 

It  was  a  subject  too  good  to  be  left  unimproved,  and  in  **  Miriam"  has  been 
embalmed,  one  of  the  most  beautiful  and  delicate  religious  narratives  we  have 
ever  read.  No  one  whose  feelings  and  sympathies  are  uucorrupted,  can  peruse 
this  touching  tale,  without  feeling  a  strong  interest,  and  that  sympathy  which 
will  sometimes  melt  them  into  tears.  Upon  the  publication  of  Miriam  in  Lon* 
don,  it  quickly  ran  through  three  editions,  and  we  doubt  not  it  will  attain  a 
cD-«ztensive  popularity  here,  where  there  is  more  freshness  of  the  feelings,  and 
a  more  deeply  imbued  spirit  of  rational  piety,  to  appreciate  the  fine  tone  of  reli- 
gioos  w^Tix  which  pervades  it. — JV*.  T.  Cim.  Jldv. 

INFLUENCE ;  a  Moral  Tale.    By  the  Author  of  Miriam. 

This  is  the  title  of  a  religious  novel  by  the  author  of  **  Miriam,"  which  has 
just  been  pablished  by  Key  tc  Biddle,  of  Philadelphia.  It  appeared  in  England 
a  number  of  years  ago,  was  very  successful  at  the  time,  and  was  generally  con* 
aidered  as  ova  of  the  best  religious  novels,  which  had  ever  been  written.  In  the 
prefkce  the  author  states  it*  as  her  endeavour  to  render  imagination  subservient 
to  improvement,  as  well  as  recreation,  and  in  this  she  has  succeeded.  To  those 
who  have  read  Miriam,  no  recommendation  is  necessary  to  induce  them  to  ob* 
tain  another  book  A-om  the  same  pen.  The  typographical  execution,  like  that  of 
all  the  books  published  by  Key  ^  Biddle,  is  very  creditable.  —  Boston  Evening 
OaietU. 

Messrs.  Key  and  Biddle  have  issued  a  new  edition  of  a  moral  tale  entitled 
Jnfiue-nee,  which  fi'om  the  sound  nature  of  the  subject,  we  cheerfully  reconmiend 
to  all  Clares  of  readers.    It  is  from  the  pen  of  the  author  of  Miriam,  a  work 
which  gained  much  popularity  from  the  decidedly  religious  principles  therein,  dtfr-  V. 
veloped.    Influence  is  no  less  moral  in  its  leitAexxcv ,  atvA  VYi^  ■^c»\3oi\^'^\)\^x»i^.V^\ 
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the  history  of  ElUn^  much  that  may  inatnict  them  how  to  avoid  the  dangerom 
eflbctB  of  early  imiireeeioQB,  which  aeem  attractive  beeaiue  clothed  in  the  f arh  of 
■eductive  pleasore. 

The  author  is  as  happy  in  detail  as  in  the  selection  of  a  subject,  and  has  com- 
bined  much  that  may  amose,  with  more  that  may  be  of  mental  benefit.— Sot.  JBvs. 
Post. 

Messrs.  Key  &  Biddle  have  f  iven  to  the  public  another  beantiftil  volume  by 
the  author  of  that  deliyhtAil  tale  entitled  "Miriam;  or  the  Power  of  Truth." 
We  are  sure  all  who  have  perused  the  above  mentioned  story  will  be  anxious  to 
possess  Injluenee. 

ILLUSTRATIONS  OP  PULMONARY  CONSUMPTION, 

its  anatomical  characters,  causes,  qrmptoms,  and  treatment,  with 
twenty-one  Plates,  drawn  and  coloured  from  nature.  By  Samuel 
G.  Morton,  M.  D.,  Physician  to  the  Philadelphia  Aims-House  Hospi- 
tal, Lecturer  on  Anatomy,  Memher  of  the  Royal  Medical  Socie^ 
of  Edinburg^h ;  of  the  Philadelphia  Medical  Society ;  of  the  Cot- 
le^e  of  Physicians  and  Surgeons  of  the  University  of  New-York ; 
or  the  American  Philosophical  Society ;  of  the  Academy  of  Natu- 
ral Sciences  of  Philadelphia,  &c.,  &c.,  die. 

This  work  is  firom  the  press  of  Allen  tc  Ticknor,  Boston,  and  is  one  of  the  best 
expositions  of  the  nature,  causes,  symptoms,  and  mode  of  treatmeht  in  consump- 
tion, extant.  The  author  has  been  devoted  for  several  years  to  the  investigation 
of  this  fVequent  and  fatal  malady ;  and  the  result  of  his  inquiries,  researches,  and 
varied  observations,  has  led  him  to  the  adoption  of  means,  not  only  as  preven- 
tive, but,  in  the  early  stages,  curative,  whidi,  if  carefully  and  ftilly  purmed, 
would  in  most  cases  be  productive  of  the  most  salutary  results.  Hia  post-mortem 
examinations  have  been  numerous  and  diversified ;  and  tte  young  practitKmer 
will,  in  the  record  of  appearances,  find  much  valuable  matter  in  regard  to  the 
actual  condition  of  the  lungs,  and  their  appendages,  in  the  several  stages  of 
phthisis.  We  can^confidently  recommend  the  work  to  the  attention  of  physicians, 
as  one  of  great  value,  and  in  which  they  will  find  satisfactory  explanations  of 
the  morbid  conditions  of  the  pulmonary  apparatus,  and  a  lucid  and  philosophical 
inquiry  into  the  pathology  of  the  disease.  Many  cases,  illustrative  of  character- 
istic anomalous  symptoms,  are  given ;  and  the  whole  is  render^  more  valuable 
by  twenty-one  richly  executed  plates,  drawn  and  coloured  from  nature. — P§»n 
Inquirer. 

Among  the  new  medical  works  recently  published,  none  surpasses  in  novelty 
and  elegance  Dr.  S.  C.  Morton's  Illustrations  of  Pulmonary  Consumption,  from 
the  i^ress  of  Allen  tc  Ticknor,  Boston.  By  a  series  of  twenty-one  coloured  en  • 
gravings,  the  volume  exhibits  a  precise  idea  of  the  disease  in  question,  from  its 
origin  in  minute  and  almost  microscopic  tubercles,  to  the  destruction  of  the 
lungs  by  open  abscesses.  The  treatment  of  the  disease,  including  the  influence  of 
climate,  is  examined  at  lai]ge  and  with  much  ability.  We  have  no  hesitation  in 
believing  that  the  w^ork  will  prove  a  valuable  acqnintion  for  professional  men, 
and  especially  to  those  who,  from  their  residence  in  the  country,  are  iu^a  great 
measure  debarred  from  investigations  of  the  kind  embraced  in  this  volume.— 
JVot.  Oazette. 

JVVw  and  Faluable  Work.— The  public,  and  especially  tiie  Medical  Faculty,  are 
greatly  indebted  to  Dr.  Morton,  the  author,  and  Messrs.  Allen  &  Ticknor,  the 
publishers,  for  a  new  and  valuable  work,  entitled  **  Illustrations  of  Pulmonary 
Consumption,  its  anatomical  character,  causes,  symptoms  and  treatment,*^  which 
is  embellished  with  twenty-one  plates,  drawn  and  coloured  from  nature.  Hie 
hi^h  character  and  reputation  of  Dr.  Morton  are  a  sufficient  guarantee  of  the  in- 
trinsic excellence  of  the  work,  which  we  venture  to  say  wiU  soon  find  its  way 
into  the  library  of  ever^  well  read  physician  in  the  country.  We  will  only  add, 
that  the  book  is  got  up  in  a  style  every  way  worthy  (as  to  its  tjrpography,  bind- 
ing, &x.)  of  its  merits.  It  is  only  necessary  to  call  the  attention  of  physicians  to 
it,  to  insure  it  an  extensive  sale.— Orat.  Herald, 

OBSERVATIONS  ON  STRANGULATED  HERNIA,  AND 
SOME  OF  TnEDlSFASllS01FTU^\3^l^^aY  ORGANS. 
By  Joseph  Parrish,  M.  D. 
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HARPE'S  HEAD, 

A  LEGEND  OF  KENTUCKY. 

By  James  Halu  Esq.  author  of  Legends  of  the  West,  ^Iec  Ac 

It  if  an.  able  prodoction,  characteristic  of  the  writer's  eminent  talents,  and 
abounding  with  narratives  and  sketches  of  absorbing  interest.  Tlie  history  of 
Harpe  forms  the  ground-work  of  the  tale,  the  incidents  of  which  are  developed 
with  much  skill  and  effect. — Pkilmd.  OmzetU. 

Harpe's  Head  ia  one  of  the  mobt  interesting  stories  with  which  we  are  ac- 
quainted.— Dmily  CkrwUcU, 

Judge  Hall  is  among  the  most  popular  of  American  writers,  and  in  the  present 
priNluctioa,  has  given  another  proof  of  the  felicity  of  his  genius.  It  abounds 
with  narratives  and  sketches  of  deep  interest,  relating  to  the  early  periods  of 
the  aetUement  of  Keatxioky^—Jf.  Y.  Om.  Mio, 

Mr.  Jambs  Hall,  a  native  of  Philadelphia,  and  favorably  known  as  the  author 
of  L^ends  of  the  Wrst,  has  just  published  a  new  work,  entitled  "  Habpb's 
Hbad.  jf  Legtnd  qf  Kentuekg/^  It  is  well  calculated  to  add  to  his  fame,  and 
though  it  bears  evidences  of  buitiK  a  hasty  composition,  reflects  great  credit 
upon  the  author.  It  is  the  story  of  Micajah  Harpe,  a  Kentuckian  Freebooter, 
and  the  scene  changes  from  Virginia,  in  the  olden  time,  to  Ohio  and  Kentucky. 
The  aecount  of  a  Fiiytate  Barbeme  is  so  well  and  naturally  executed,  that  it 
must  become  a  fkvorite.  It  is  here  inserted  as  a  favorable  specimen  of  the  work. 
Mias  Pendleton  is  altogether  lovt\y.—Poulsen'9  Dmlf  Adv. 

With  the  ordinary  characters  which  must  be  found  in  such  a  composition,  we 
have  one  quite  original  being,  in  the  person  of  "  Hark  Short,  the  snakc-kilier  ;'* 
and  Che  production,  as  a  whole,  forms  one  of  the  most  engaging  volumes  that 
ipe  have  met  with.  To  its  other  merits  we  should  not  omit  to  add  that,  like 
other  writings  flrom  the  same  pen,  it  is  distinguished  by  an  unobtrusive  tone  of 
the  forest  moral  sentiment.— Psaa.  Jwquirer. 

we  cheerfully  commend  this  work  to  the  attention  of  our  readers  assuring 
them  that  they  will  be  amused,  entertained,  and  instructed  by  its  perusal— they 
will  find  Indian  warlkre,— savage  moiles  of  life — the  difficulties  and  dangers 
experienced  by  the  early  pioneers  in  the  "far,  far  west"— delineated  with  a 
■aster  hand,  in  language  ^wing,  vivid,  and  natural.— JVU<a»a/  Bmnner, 


THE  ITALIAN  SKETCH  BOOK.    By  an  American. 

It  contains  rich  and  glowing  sketches  of  Italian  scenery,  manners,  &c.  and 
will  be  read  with  much  pleasure  by  all  who  feel  an  interest  in  that  land  of  poetry 
aisd  the  aits.— AMlen  Jlfcreenttto  JoummL 

We  commend  the  above  book  to  all  admirers  of  beauty,  originality,  and  artist- 
like taste.— IM^r  Jidoertiser. 

Hm  elegance  of  his  style,  the  ease  and  tact  which  he  displays  in  the  choice  and 
handling  of  the  subject,  and  above  all  the  bright  halo  of  moral  beauty  and  glory 
abed  mv&r  every  ruin  and  every  landscape,  each  scene  of  religious  pomp,  festive 
enjoymeat,  or  domestic  seclusion,  have  imparted  to  an  apparently  threadbare 
aol^ect  a  new  and  Ihscinating  intereat.— Cbm.  Herald. 

Tfie  author  does  not  in  general  attempt  to  describe  these  objects  or  scenes ; 
indeed,  It  is  next  to  impossible  to  render  such  descriptions  interesting,  but  he  in- 
vests them  with  the  a^isociations  they  arc  calculated  to  awaken,  and  throws  over 
them  the  rich  light  of  Ju«t  and  natural  sentiment,  and  thus  probably  conveys  a 
stronger  iminession  of  their  real  interest  and  beauty,  than  he  could  communicate 
in  any  other  way. 

TV>  an  the  admirers  of  beautiAil,  rich  and  glowing  descriptions  of  scenery,  &c 
we  aahesitatingly  recommend  a  perusal.— Boft.  Adv.  4-  PaL 


THE  YOUNG  LADY'S  SUNDAY  BOOK: 

A  Practical  Manual  of  the  Christian  Duties  of  Piety,  Benevo- 
lence, and  Self-Grovernment     Prepared  with  particular  reference 

- 


to  the  Formatiuu  of  the  Female  Characlor,  Bv  the  author  of  "The 
Young  Man's  Own  Book."    Philadelphia.     Key  &.  Biddle,  1833. 
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SELF-CONTROL ;  a  Novel,  in  S  vols.  Bj  Miss  BnmtoD,  Au- 
thor of  Discipline. 

Mnsrs.  Kfy  A  BiiMJe  bam  J'ltl  Inupil  an  ndillDn,  in  Iwo  well -prlnlgd  ilmrir- 
■dilfuBB  in  Hnfland.  and  bscoimi  liiRly  pnpulnr  In  tbe  Cnileil  BtnlH.  Tlisy  in 
n^nica,  t^ltw  aaoie  anibor.  ^wnanar  uf  thm  wprhvjiuEiJtea  llw  titlea.  wMd 
iinpreea  on  tin  knrta  and  fnWvcI  of  iwr  raaden.— jnu.  Oiti- 
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DISCIPLINE ;  a  Novel    By  Miss  Brunton. 

Of  this  production  we  are  prepared  to  speak  in  terms  of  high  praise.  It  is  an 
iniatfinative  work  of  more  than  ordinary  interest,  and  from  its  decided  moral 
tendency,  is  well  calculated  to  be  productive  of  good. 

The  domestic  scenes  are  admirably  portrasred,  and  the  various  positions  and  cir- 
comstauces  of  tlic  personages  of  the  story,  are  such  as  to  eminently  display  the 
graphic  talents  of  the  fair  authoress. 

We  scarcely  know  of  a  work  that  could  be  more  profitably  read  by  all  classes 
than  the  one  before  us,  and  we  confidently  recommend  it  to  the  young  of  both 
sexes,  as  a  production  with  which  they  will  not  only  be  amused  but  instructed.— 
U.  S.  Oazette, 

To  those  who  wish  to  make  agreeable  fiction  subservient  to  the  great  end  of 
inculcating  wholesome  moral  truths,  we  can  warmly  commend  this  excellent 
novel.  It  conveys  none  but  the  best  M^ntiments— sentiments  which  will  find  a 
willing  response  in  every  Christian  bodom ;  and  the  style  is  as  pure  as  the  truths 
are  elevated.— P«»i».  Jng.  4*  Courier. 

TALES  OF  ROMANCE,  FIRST  SERIES. 

This  is  not  only  an  uncommonly  neat  edition,  but  a  very  entertaining  book ; 
how  eould  it  be  otherwise,  when  such  an  array  of  authors  as  the  following  is 
presented— 

The  work  contains  Ali*s  Bride,  a  tale  from  the  Persian,  by  Thomas  Moore,  in- 
terspersed with  poetry.  The  Last  of  the  Line,  by  Mrs.  S.  C.  Hall,  an  author  who 
sustains  a  reputation  which  every  succeeding  production  greatly  enhances,  liie 
Wire  Merchant's  Story,  by  the  author  of  the  King's  Own.  The  Procrastinator, 
by  T.  Crofton  Croker.    The  Spanish  Beadsman.    The  Legend  of  Rose  Rocke,  bv 

the  author  of  Stories  of  Waterloo.    Barbara  S ,  by  Charles  Lamb.    A 

Story  of  the  Heart.  The  Vacant  Chair,  by  J.  M.  WUson ;  and  the  Queen  of  the 
Bleaaows,  by  Miss  Mitford. 

This  volume  has  no  pretensions  to  the  inculcation  of  mawkish  sensibility. 
We  have  read  every  word  of  it,  and  can  confidently  recommend  it  to  our  friends. 
,fnmal  of  Belles  LeUres. 


OBSERVATIONS  ON  THE  CHARACTER  AND  CUL- 
TURE  OF  THE  EUROPEAN  VINE,  during  a  residence  of 
five  years  in  the  vine-growing  districts  of  France,  Italy  and  Swit- 
zerland, by  S.  I.  Fisher,  to  which  is  added,  the  Manual  of  Swiss 
Vigneron,  as  adopted  and  recommended  by  the  Agricultural  Socie- 
ties of  Geneva  and  Berne,  by  Mons.  Buin  Chappius,  to  which  is 
superadded,  the  art  of  wine  making,  by  Mr.  Bulos,  member  of  the 
Institute  of  Frr.nce. 


LETTERS  TO  AN  ANXIOUS  INQUIRER, 

Designed  to  relieve  the  difficulties  of  a  Friend^  under  serious  Impressions . 

BY  T.  CARLTON  HENRY,  D.  D. 
Late  Pastor  of  the  Second  Presbyterian  Church,  Charleston,  S.  C. 

With  an  Introductory  Essay,  (in  which  is  presented  Dr.  Henry's 
Preface  to  his  Letters,  and  his  Life,  by  a  friend).  By  G.  T.  Bedell, 
D.  D.,  Rector  of  St  Andrew's  Church,  Philadelphia. 

It  is  an  important  volume,  and  is  an  indispensable  auxiliary  to  a  proper  con- 
templation of  the  most  important  of  ail  su meets.  The  work  contains  a  very 
judicious  Intcoilnctory  Essay,  from  the  pen  of  the  Rev.  6.  T.  Bedell,  Rector  of 
St.  Andrew*s  Church,  in  this  cxiy. Sat.  Eve.  Post, 

In  a  revival  of  relijsrion  amonji^  his  own  people.  Dr.  Bedell  found  this  work  use- 
ful, and  was  led  to  seek  its  rppnhUrBtion  in  achonpanrl  nout  form,  for  th?  advan- 
taie  of  tli '»«!  \vh'>  ra.inot  nff  »rl  t.»  p  ircha«  costly  volnmps.  We  hope  tJie  work 
niay  prove  a  blcs>>iiiv  ti  all  \vh.>  shall  r..>a  i  H.-^PhiladelpMnn. 

Th?9e  Ifttcra  have  b-'eii  for  iiiaTiy  years  hiiihly  valued  for  the  ^racUcal  «l>\A  viv- 
propriato  instruction  f  »r  tv?iicJi  ih  .•>•  arc  princ'ipaUy  AcsV^ucA, — PTesbxjVtrxtkTv. 


^^ 
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YOUNG  MAN'S  OWN  BOOK, 
A  Manual  of  Politeiieas,  Intellectual  Improvement,  and  Moral 
Deportment,  calculated  to  form  the  character  on  a  solid  basis,  and 
to  insure  respectability  and  success  in  life. 

lie  attention  of  the  paUiidiera  wu  drawn  to  this  book  bv  the  recommenda- 
tion of  a  distinfuiabed  member  of  the  "  Society  for  the  Diflhrion  of  Uaelhl 
Knowledire.**  Its  reesptlon  by  the  pablic,  and  aale  of  upwards  of  ten  thousand, 
will  fully  bear  oat  its  eliaracter  as  a  valuaUe  present  for  youth.  Parents  and 
Guardians  are  invited  to  examine  it,  and  are  assured  that  they  wiU  find  it  a 
model  to  form  the  mind  of  youth,  and  prepare  tliem  to  Ailfil  with  credit  and 
lionour  tbeir  Aiture  respective  stations  in  lAfe.-^Londtn  J^eelat9r. 

Its  contents  are  made  up  of  brief  and  well  written  essays  upon  subjects  very 
Judiciously  selected,  and  will  prove  a  useAil  and  valuable  work  to  those  who 
five  it  a  careful  reading,  and  make  proper  use  of  those  hints  which  the  author 
tbrowa  out. — Bottan  Traveller 

We  cheerfully  recommend  a  perusal  of  the  Young  Man's  Own  Book  to  all  our 
youn^  fViends,  (br  we  are  convinced  that  if  they  read  it  fhithflilly,  they  will  find 
themselves  both  wiser  and  better. — Young  Men*»  jSdveeaU. 

In  the  Young  Man's  Own  Book,  much  sound  advice  upon  a  variety  of  im* 
portant  subjects  is  administered,  and  a  large  number  of  rules  are  laid  down  fbr 
the  regulation  of  conduct,  the  practice  of  which  cannot  (hil  to  insure  ren>ecta- 
bilitj.— Saturday  Courier. 

FOX'S  BOOK  OF  MARTYRS.  A  Universal  History  of  Chris- 
tiaii  Martyrdom;  from  the  birth  of  our  Blessed  Saviour  to  the 
latest  periods  of  Persecution.  Originally  composed  by  tlie  Rev. 
John  Fox,  A.  M.,  and  now  corrected  throughout;  with  copious uid 
important  additions  relative  to  the  Recent  Persecutions  in  the 
South  of  France.  In  2  vols.  8vo.,  beautifully  printed  on  fine  and 
remarkably  strong  paper.  Being  the  only  complete  and  unmutilated 
edition  of  this  work  ever  presented  to  the  American  public.  Em- 
bellished with  a  portrait  of  the  venerable  Fox,  and  sixty  engravings 
illustrative  of  the  sufieringsof  tlie  Martyrs  in  all  ages  of  the  world. 

ITALY ;  with  Sketches  of  Spain  and  Portugal  By  Beckford, 
Author  of  Vathek. 

MoR.-«r!»,  Key  and  Diddle  have  just  published  Bcckford's  Sketchesof  Italy,  Spain, 
Htrl  Portugal,  2  vols.,  an  extract  from  which  will  be  found  on  our  first  page. 
This  ift  one  of  the  most  iutore»ttng  works  we  have  met  with  for  niany  months. 
The  piylc  is  chaste,  lively,  and  graceful— flowinf?  and  sparkling  like  a  silvery 
foiiutain  over  a  uebUy  diannel.  Mr.  Buckford  being  one  of  the  wealthiest  pri- 
vate citizen;*  in  Europe,  and  having,  as  his  sketches  show,  a  highly  cultivated 
mind,  and  polished  manners,  found  no  difficulty  in  gaining  access  to  the  very 
hitihost  circles  of  society  in  the  countries  through  which  be  travelled ;  and  be 
haf«,  with  admirable  and  bewitching  skill,  sketched  the  manners,  customs,  and 
pnciiliarities  of  the  people  with  whom  he  mingled.  The  work  is  one  of  the  most 
p  (pillar  that  has  lately  been  issued  flrom  the  London  press,  and  we  have  no  doobt 
will  meet  with  a  very  extensive  sale  in  this  country.— Com.  Herald, 


SYNOPSIS  OF  THE  ORGANIC  REMAINS  OF  THE 
CRETACEOUS  GROUP  OF  THE  UNITED  STATES,  illus- 
trated by  nineteen  plates.  To  which  is  added  an  Appendix  con- 
tnining  a  tabular  view  of  the  tertiary  fossils  hitherto  discovered  in 
North  America.  By  Samuel  George  Morton,  M.  D.  member  of 
''»e  American  Philosophical  Society  ;  of  the  Academy  of  Natural 
I'ences  of  Philadelphia;  Corresponding  member  of  the  New- 
'k  Lyceum  of  Natural  lVislat^\  o^  M\e  K\\sock^  \w^^vs,\ft^  &x:. 


n  Himrjuu>  o.  bzbdxiB. 

A  PRACTICAL  VIEW  OP  THE  PREVAILING  RELIGI- 

OUS  SYSTEM  OF  PROFESSED  CHRISTIANS,  IN  THE 

HIGHER  AND  MIDDLE  CLASSES  IN  THIS  COUNTRY, 

CONTRASTED  WITH  REAL  CHRISTIANITY.     By  Wm. 

Wilberforce,  JE^.     With  an  Introductory  Essay,  by  the  Rev. 

Daniel  Wilson,  A.  M.,  late  Vicar  of  Islington,  now  Bishop  of 

Calcutta. 

We  are  elad  to  perceive  that  Metwrs  Key  and  Biddle,  Philadelphia,  have  issued 
a  new  and  handsome  edition  of  the  celebrated  work  of  Wilberforce,  "  on  the 
prevalent  religious  system  of  professed  christians,  in  the  higher  and  middle 
classes  of  England,  contrasted  with  real  Christianity."  llie  treatise  was  pub- 
lished nearly  forty  years  ago ;  it  has  passed  through  many  editions,  and  been 
subjoct  to  the  criticisms  of  the  most  discerning  reviewers.  It  was  ushered  into 
notice  by  the  literary  and  religious  periodicals  of  the  time,  and  has  become  a 
standard  work  for  theological  students  and  pious  families.  The  design  was  to 
arouse,  the  nation  and  especially  the  higher  orders  to  a  just  view  of  the  neglect 
of  real  Christianity,  and  it  had  an  astonishing  effect  in  awakening  inquiry  and 
producing  useful  discussion.  The  plan  was  new,  and  the  style  and  spirit  in  which 
It  was  executed,  were  as  new  as  the  subject.  The  Introductory  Essay  of  seventy 
pages  by  tha  Aav.  Daniel  Wil^ion,  is  well  worthy  of  perusal.— JBo«e.  Courier. 


PAROCHIAL  LECTURES  ON  THE  LAW  AND  THE 
GOSPEL.  By  Stephen  Tyng,  D.D.,  Rector  of  St  Paul's  Church, 
Philadelphia. 

■    As  an  evidenee  of  the  great  value  of  the  work,  the  pablishen  beg  leave  to  sab* 
rait  the  following  letter  from  Dr.  Alexander  :— 

Mes9r$.  Key  if  ftAUe.— Gentlemen :  Your  request  that  I  should  Aimish  you 
with  a  recommendation  of  the  Rev.  Dr.  Tyng*s  Lectures,  **On  the  Law  and 
Gknpel,*'  has  been  received.  In  answer  I  feel  a  perfect  IVeedom  in  declaring,  that 
in  my  bumble  opinion,  these  discourses,  recently  published  in  "  The  Christian 
Library,'*  are  sound  and  evangelical ;  and  well  calculated  to  lead  men  to  just 
views  of  their  sinful  and  miserable  condition,  as  transgressors  of  the  holy  and 
immutable  law  of  God :  and  of  the  only  method  of  recovcnr  firom  this  deplora- 
ble state  of  guilt,  pollution,  and  helplessness,  through  the  perfect  righteousness  of 
our  Lord  and  Saviour  Jesus  Christ,  and  the  sancti&;ation  of  the  holy  Spirit. 

The  author  of  these  Lectures  has  laid  a  solid  foundation  for  the  views  which 
be  fives  of  the  gospel  plan  of  redemption,  by  exhibiting  the  holy  law  of  God,  in 
itfl  indispensable  obligation,  its  universal  extent,  its  spiritual  nature,  and  awful 
penalty.  It  is  only  by  such  an  exhibition  of  the  law  as  is  here  given,  that  sin* 
ners  will  be  led  to  appreciate  the  salvation  of  the  f^spel.  Our  estimation  of  the 
value  of  a  remedy  alwajrs  bears  a  relation  to  the  impression  which  we  have  of 
the  malignity  and  inveteracy  of  the  disease.  Mistakes  respecting  the  law  always 
run  through,  and  vitiate  the  whole  system  of  theology,  with  which  they  are  con- 
nected. Not  only  is  the  error  of  Antinomians  great  and  dangerous,  but  often 
thcpr,  who  declaim  most  loudly  against  these  avowed  enemies  of  the  law,  fall  into 
a  nmiUr  error,  on  the  other  extreme ;  for  the  proverb  is  verified  **  tliat  extremes 
often  meet.**  I  refer  to  all  those  (and  they  are  numerous),  who  teach  that  the  law 
of  God  no  longer  requires  perfect  obedience,  but  only  that  which  is  rineere^  and 
within  the  power  of  fallen  man  ;  that  Christ,  by  his  meritorious  death,  has  pro- 
cared  a  relaxation  of  the  moral  law,  so  that  sinners  can  still  be  justified  by  their 
own  evangelical  obedience.  This  system,  however  specious  and  popular,  is  Anti- 
nomian,  and  more  dangerous  than  open  Antinomianism,  because  more  plausible, 
and  more  common.  The  foundation  on  which  such  opinions  rest,  is  completely 
swept  away,  in  these  lectures  on  the  law. 

The  author  is  equally  clear  and  explicit  on  the  method  of  justification  by  faith. 
^Vhile,  by  so  many,  this  cardinal  doctrine  of  the  reformation  is  perverted,  ob- 
scured, or  placed  in  the  back  ground,  it  is  pleasing  to  find  any  one  disposed  to 
come  forward  boldly  in  its  defence,  and  at  the  same  time  to  guard  it  against  abuse, 
and  to  show  that  its  tendency  is  not  to  subvert,  but  to  establish  and  magnify  the 
law.  The  discourses  on  the  gospel,  are  a  fair  counterpart  of  those  on  the  law. 
They  are  rich  in  evangelical  truth,  and  adapted  to  introduce  and  guide  men  into 
the  way  of  salvation.  I  do,  therefore,  cordially  recommend  these  Lectures  to  the 
I  serious  and  candid  perusal  of  all  into  whose  hands  they  m&v  cot(v&.  *Y>c»:t«  'm^^  \ 
I  indeed,  no  prettintiaaw  ofttyle^  nor  flowers  of  rhetoric  lo\>e  WM\fii\i«tft-  TY«fe^>a.-  \ 


IXrORKB  RE0ENT2:.T  PUBXtlSBED 

thor  was  too  seriously  intent  upon  his  great  object  of  saving  sinners  from  eternal 
ruin,  to  turn  aaide  in  pursuit  of  such  embellishments. 

But  I  mean  not  tu  make  myself  answerable  for  every  minor  opinion,  or  form 
of  expression  adopted  by  the  author.  From  a  few  thin^  as  eureaead,  I  would 
dissent ;  but  even  in  regard  to  these,  upon  close  examination  of  the  meaning,  I 
have  been  led  to  conclude,  that  the  dinference  of  opinion  is  more  in  appearance 
than  reality ;  more  in  words  than  in  things. 

It  will  be  readily  believed  that  I  have  penned  the  above  recommendation  from 
a  sincere  desire  to  give  extensive  circulation  to  the  truths  inculcated  in  these 
discourses,  and  not  fk-om  any  partial  or  sectarian  feelings ;  since,  with  the  author 
I  have  not  the  pleasure  of  any  personal  acquaintance ;  and  since  he  is  a  minister 
of  a  denomination  to  which  I  do  not  belong. 

I  am,  very  respectAiUy,  yours,  ice 

Pri»c9Um,  A*.  J.  Sept.  30, 1834.  A.  ALEXANDER. 

A  MANUAL  OP  THE  CHRISTIAN  SABBATH,  embracing 

a  consideration  of  its  Perpetual  Obligation,  Change  of  day.  Utility, 

and  Duties;  by  John  Holmes  Agnew,  Professor  of  Languages, 

Washington  dollege,  Pa. ;  with  an  Introductory  Essay,  1^  the 

Rev.  Dr.  Miller  of  Princeton. 

This  is  a  valuable  work,  well  adapted  for  general  circulation  through  the  com* 
munity,— and  truth  requires  us  to  add.  it  is  a  book  which  is  greatly  needed.  The 
information  it  gives,  could  it  be  imparted  to  the  many,  mi^nt  save  our  country 
fk'om  the  greatest  evils  which  threaten  it.  The  subject  it  discusses  is  one  of  in> 
conceivable  moment  to  the  interests  of  rdigion,  and  to  the  prosperity  of  a  Chris- 
tian people.  The  introductory  essay  is  ably  written.  The  fftcts  and  considera- 
tions it  contains  on  several  branches  of  the  general  subject,  are  worthy  of  the 
special  attention  of  readers  of  every  class.  The  writer's  statements  respecting 
the  views  of  the  Christian  Sabbath,  entertained  by  the  primitive  churches,  and 
the  manner  in  which  they  sanctified  it,  are  highly  interesting  and  instructive. 
Mr.  Agnew's  Manual  is  divided  into  five  chapters,  on  the  following  subjects:  the 
institution  of  the  Sabbath  ;  its  perpetual  obligation  ;  diange  of  day ;  its  utility ; 
and  its  duties.  Under  these  several  heads,  the  claims  of  this  wise  and  benevolent 
institution,  reared  for  the  wliole  world,  for  the  benefit  of  man  through  all  time, 
are  presented  with  great  clearness  and  ability.  The  argument  of  the  author  on 
the  nun-al  nature  and  perpetual  obligations  of  a  weekly  Sabbath,  to  be  devoted 
exclusively  to  the  service  of  God,  is  lucid,  forcible  and  well  sustained  ;  and  to  an 
unprejudiced  mind,  satisfactory.— SbutAem  Religieut  Telegraph. 

THE  FAMILY  BOOK  OfISeVOTION,  containing  a  Ser- 
mon  and  Prayer  for  every  Sabbath  Evening  in  the  year ;  together 
with  Praters  for  morning  and  evening  clevotions,  and  for  seasons 
of  domestic  afflictions.  Selected  and  arranged,  with  an  Introduc- 
tory Essay  on  the  Importance  of  Family  Worehip,  by  the  Rev.  Her- 
man Hooker,  A.  M. 

TRIALS  AND  TRIUMPHS,  comprising  the  Convict's  Daugh- 
ter, and  the  Convert*s  Daughter. 

There  is  no  tragedy  so  affecting  as  that  of  private  life.  The  writer  of  this 
powerAil  volume  has  selected  two  subjects  of  very  great  interest.  His  observa- 
tions upon  men  and  manners,  pictures  of  society,  and  sketches  of  character,  are 
shrewd,  just,  and  original.— Oimrt  Jeurtial. 

These  stories  are  written  with  great  taste  and  foeling,  and  the  incidents  are 
worked  up  with  ingenuity  and  interest.— BeU*«  Messenger. 

The  author  of  this  volume  is  a  Mr.  Richardson,  of  Baker  Street,  London ;  and 

though  he  lays  claim  to  but  little  merit,  the  reader  of  his  stories  will  ^ve  him 

credit  for  much,  and  the  book  will  find  its  way  without  difficulty  to  a  high  place 

in  the  general  rcjrard.  There  are  but  two  stories,  the  "  Convict's  Daughter,"  and 

the  "Convert's  Daughter."    These  talcs  exhibit  a  ^eep  acquaintance  with  the 

humnn  hrart,  au'J  fjiitlirilly  portray  the  positive  evils  of  viciotia  prop<Misitics. 

Riul  the  gloriona  rustillH  «.f  a  rii;i(l  ai^rt  faivUOil  aUhernnce  to  virtuo\t9  principles. 

TJjo  mcrni  ia  excellent,  aiu\  no  owe  ca«  t\ao.  tvovsv  \.\\c  «yB.\\^v\  v^x\x%al  of  these 

pages,  n irho'it  b.jiig  wit-er  and  bellct.— Boat.  TrareUcr. 


JIBB  O.   BUHDImBm 


EXAMPLE;  OR,  FAMILY  SCENES. 

ThUi  is  one  of  thOM  uwful  and  truly  moral  ptfblications  which  can  not  fail  to 
be  read  with  delif  ht  by  the  ytiuth  of  both  setes,  wlio,  as  their  hearts  expand, 
and  they  advance  in  yeara,  have  need  of  some  inMtnictor  to  point  out  tlie  path 
they  should  fbllow  for  their  future  happiness.  The  author  has  been  triumphantly 
successful  in  attaining  these  laudabio  objects  in  tliin  interesting  publication.— > 
HTeekiy  Times. 

Some  of  the  '  Scenes'  are  sweetly  touching,  and,  in  our  view,  the  author  has 
succeeded  remarkably  wel!  in  presenting  the  sublime  and  yet  simple  truths  of 
Evangelical  Religion  to  the  mind  in  a  way  of  deep  and  abiding  impressions. — 
Jf.  Y.  Com.  Mv. 

True  religion  is  diffusive  in  its  character,  and  when  it  is  ftiirly  exemplified  in 
the  lifo  of  an  individual,  it  will  excite  attention,  command  respect,  and  perhaps 
lead  to  still  happier  results.  *  Let  your  light  so  sliine  before  men  that  they  may 
see  your  good  works,  and  glorify  your  Father  which  is  in  heaven,*  is  a  command 
of  bi^b  authority,  and  one  which  presupposes  the  force  of  example.  These 
*  Family  Scenes,*  which  belong  to  tlic  same  class  with  Mrs.  Sherwood's  writing. 
are  intended  to  illustrate  the  iNfluence  of  example.  The  book  is  pleasingly  writ- 
ten, and  is  characterized  by  a  vein  of  pious  and  evangelical  sentiment.— Pre«6]f> 
tsrias. 


A  HARMONY  OF  THE  FOUR  GOSPELS, 

Founded  on  the  Arrangement  of  the  Harmonia  Evangelica,  by 
the  Rov.  Edward  Greswell.  With  the  Practical  Reflections  of  Dr. 
Doddridge.  Designed  for  the  use  of  Families  and  Schools,  and  for 
PrivateEdification.  By  the  Rev.  E.  Bickersteth,  Rector  of  Wolton, 
Herts. 

A  beautiful  duodecimo  of  about  four  hundred  pages;  and  one  of  the  best 
books  which  has  appeared  fur  many  years,  with  respect  to  personal  aixl  (iomestic 
edification.  It  is  next  to  impossible  to  read  the  ordinary  Harmonics.  The  cur> 
rent  of  the  narrative  is  br9ken  by  constant  interruptions.  In  this,  \v<;  have  in 
convenient  sections,  tlie  four  Gospel  histories,  msule  up  into  one.  in  proper  order, 
in  the  words  of  the  common  English  translation.  The  devotional  notes  of 
Doddridge  are  better  than  any  we  have  seen  for  reading  in  the  closet,  or  at  family 
worship.  The  name  of  Bickersteth,  prefixed  to  a  book,  is  enough  to  show  that 
it  is  written  simply  to  serve  the  cause  of  Christ.— rA«  Presbyterian. 


THE  SPIRIT  OF  LIFE. 

A  Poem,  pronounced  before  the  Franklin  Society  of  Brown  Uni- 
vereity,  Sept  3,  183a  With  other  Poems.  By  Willis  Gaylord 
Clark,  Esq. 

We  hope  Mr.  Clark  may  find  sufficient  inducements  to  place  before  the  public, 
in  a  more  accessible  form  than  that  in  which  thcv  are  now  scattered  through 
the  periodicals  of  the  day,  more  of  the  creations  of  his  fancy,  breathing  as  they 
do  tne  fervor  of  moral  purity,  as  well  as  chastened  arid  bi^autiful  poetry — we  do 
not  hesitate  to  say  they  will  be  most  highly  acceptable.  The  anonymous  pro* 
ductions  of  his  pen  have  long  attracted  the  highest  praise,  and  it  is  high  time 
that  lie  should,  in  his  own  person,  reap  the  laurels  he  has  so  well  earned,  and 
I  boldly  challenge  a  rank  among  the  best  of  the  American  poets.— iNT.  Y.  Mirror. 

Tht*  ''Spirit  of  Life*^  is  a  clustering  of  many  of  those  beauties,  which  nil.  who 
admire  poetry,  have  already  seen  and  applauded  in  the  different  productions  of 
Cinrk  a  gifted  mind.— CT*.  5.  Gaz. 

This  poetry  is  of  no  common  order.  The  author  benutifiiPy  deficribes  the  Spirit 
of  Life  a^  perva.ling  all  Nature,  and  triumphing  over  the  power  of  death. — 
EpiacojHU'  Recorder. 

The  "Spirit  of  Life"  is  an  cfisay  of  sound  morn  I  ity,  in  the  guise  of  smo<»th 
and  easy  vo.niiAcntion.  It  nims  by  irraceful  numbiTs  to  better  the  heart;  to  teach 
itcontnntnicnt  here  lielow. — Paulson's  Daily  AUc 
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THE  HAPPINESS  OP  THE  BLESSED, 

Considered  as  to  the  particulars  of  their  state ;  their  recognition 
of  each  other  in  that  state ;  and  its  difference  of  degrees.  To  which 
are  added,  Musings  on  the  Church  and  her  Services.  By  Richard 
Mant,  D.  D.  M.  R.  I.  A.  Lord  Bishop  of  Down  and  Connor. 

The  design  of  the  Rev.  author  in  thif  production,  is  to  adduce  flrom  Mriptural 
authority,  the  most  satisfkctory  evidence  of  the  haroiness  and  joy  of  those  who 
by  faith  follow  Christ,  and  who,  in  the  exercise  of  those  virtues  required  by  the 
gospel,  are  emphatically  denominated  the  children  of  Ood.  The  author  has 
touched  upon  several  topics  connected  with  the  subject,  which  must  aflbrd  much 
consolation  to  the  Christian,  who,  flrom  the  very  nature  of  his  organisation,  is 
liable  to  doubts  and  fearful  forebodings  as  to  the  state  of  bis  heart  and  the 
grounds  of  his  faith. 

Christian  hope,  confidence,  and  charity,  are  stamped  upon  every  page,  and  the 
writer  deserves  well  of  the  Christian  inquirer,  for  the  inaustry  which  be  has  di8> 
played  in  collecting  and  arranging  so  many  important  and  vahiaUe  arguments 
in  favor  of  the  glorious  and  rei^endent  state  or  the  faiihAi!  and  humble  diaciirie 
of  Jesus. 

In  this  world,  mankind  have  need  of  consolation— of  the  cup  of  sorrow  all 
must  drink — happiness  is  a  phantom,  a  meteor,  beautiftil  and  bright,  always  al* 
luring  us  by  its  glow— forever  within  our  reach,  but  eternally  eluding  our  grasp 
— but  this  state  of  things  was  design^  by  our  Creator  for  our  benefit — it  was 
intended  to  withdraw  our  affections  from  the  shadowy  and  unsubstantial  irieas- 
ures  of  the  world,  to  the  Father  of  all  in  Heaven,  and  to  prepare,  by  discipline 
and  seal,  for  a  state,  beyond  the  grave,  of  felicity,  which  eye  bath  not  seen,  ear 
hath  not  heard,  neither  hath  it  entered  into  the  heart  of  man  to  conceive  of  To 
our  readers  we  cheerfully  commend  this  delightfiil  volume,  confident  that  by  its 
perusal  the  faith  of  the  doubtful  will  be  confirmed,  and  the  anticipative  hope  of 
the  confident  increased. — Ckristiaii't  Magazine. 

We  take  the  earliest  opportunity  of  introducing  to  our  readers  this  excellent 
little  book,  to  which  the  deeply  interesting  nature  of  the  subject,  and  the  well- 
earned  reputation  of  the  Right  Rev.  author  will  secure  no  inconsiderable  portion 
of  attention.  The  vast  importance  of  the  topics  herein  treated,  and  the  valuable 
practical  effects  ih'.iy  may  assist  in  producing,  induce  us  to  call  thus  early  the 
public  attention  to  a  work,  small  indeed  in  size,  but  which  is  calculated  not  a 
little  to  inform  all  candid  and  serious  inquirers  into  a  subject  hit^rto  involved 
in  much  obscurity,  but  not  a  little  elucidated  by  the  present  author. — Oent,  Mug. 


YOUNG  LADY'S  OWN  BOOK, 

A  Manual  of  Intellectual  Improvement  and  Moral  Deportment 
By  the  author  of  the  Young  Man's  Own  Book. 

Messrs.  Key  &  Biddle,  of  this  city,  have  published  a  very  neat  little  volume, 
entitled  The  Young  Lady's  Own  Book.    Its  contents  are  well  adapted  to  its  use- 

ful  purpose. — JVat.  Gai. 

The  Young  Lady'8  Own  Book  seems  to  us  to  have  been  careflilly  prepared,  to 
comprehend  much  and  various  instruction  of  a  practical  character,  and  to  C(Nr- 
respond  in  its  contents  with  its  title.— Fokii^  MeiC*  Adooeate. 

The  Young  Lady's  Own  Book,  embellished  with  beautiflil  engravings,  ahould 
be  in  the  hands  of  every  young  female.— /x^itjrer. 

All  the  articles  in  the  Young  Lady's  Own  Book  are  of  a  uselUl  and  intereating 
character.— JV*.  Y.  Com.  Ado. 
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TALES  OF  ROMANCE,  SECOND  SERIES. 

The  Talps  of  Romance,  which  Messrs.  Key  &  Biddle  have  just  published,  are 
altof^ether  above  the  ordinary  collections  of  the  day.  Every  author  included 
among  the  contributors  to  the' volume,  has  acquired  previously  a  distinct  reputa- 
tion in  other  works.  Such  names  as  Malcolm,  Roscoe,  and  others,  will  be  sufll- 
cient  to  j;ive  an  idea  of  the  merits  of  these  Tales.  The  story  of^azio,  flrcmi 
whence  is  derived  the  tragedy  of  that  name,  is  well  and  concisely  told.  We 
aha II  present  the  best  part  of  ll  soon,  lo  U&e  T««Asx%of  the  Intelligenoor.— i>«l4f 
Intelligencer. 

__ 
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GENERAL  VIEW  OF  THE  GEOLOGY  OF  SCRIPTURE, 

In  which  the  unerring  truth  of  the  Inspired  Narrative  of  the 
early  events  in  the  world  is  exhibited,  and  distinctly  proved,  by  the 
conoborative  testimony  oi  physical  fiu:tB,  on  every  part  of  the 
earth's  surface.    By  George  FEiirholme,  Eiaq. 

The  work  before  uf  is  admirably  ealculatad  to  enlighten  the  mind  upon  the 
■abject  of  Creation,  and  we  have  rarely  perused  a  work  which  has  added  so  much 
to  our  stock  of  ideas,  or  which  has  given  so  much  gratification.  If  the  limits  of 
oar  paper  permitted,  we  should  take  pleasure  in  laying  before  our  readers  an 
analysis  of  the  contents  of  this  excellent  production,  but  as  that  is  out  of  the 
question,  we  must  refer  them  to  tho  work  itself,  where  we  can  assure  them  they 
will  find  an  abundance  of  information  on  the  important  subject  of  Creation.— 
PkiLGax. 

Tbe  QwAofSj  of  Scripture,  by  George  Fairholme,  Esq.  is  an  admirable  work. 
Tbe  circulation  of  it  should  be  extensive ;  and,  judging  from  its  intrinsic  merit, 
soeh  is  its  destiny. — Christian  Oazette. 


LIFE  OF  WILLIAM  COWPER,  ESa 
Compiled  from  his  correspondence  and  other  authentic  sources 
of  infbrmation,  containing  remarks  on  his  writings,  and  on  the 
peculiarities  of  his  interesting  character,  never  before  published. 
By  Thomas  Taylor. 

Taylor's  Life  of  Cowper  has  several  private  letters  of  tbe  poet  not  found  in 
other  works,  which  serve  to  correct  many  false  impreiisions  relative  to  his  men- 
tal aberration.  It  is  due  the  cause  of  humanity,  and  of  justice  generally,  that 
the  truth  should  be  received ;  especially  when,  by  afiecting  the  character  of  so 

Geat  a  man  as  Cowper,  it  in  a  great  measure  touches  the  whole  of  the  human 
nd.— {7.  &  Gaz, 

A  comprehensive  and  perspicuous  memoir  of  Cowper  has  been  much  wanted, 
and  will  be  read  with  gratification  by  the  admirers  of  this  amiable  and  pious 
man,  whose  accomplishments,  excellencies,  and  peculiarity  of  character,  have 
rendered  him  an  oliject  of  interest  to  the  world.  We  arc  indebted  to  Mr.  Taylor 
for  his  excellent  work,  and  fur  the  happy  manner  in  which  it  has  been  accom- 
plished.— Boston  TVav. 

Thirty  years  nearly  have  passed  since  we  first  read  with  great  delight  IIayley*s 
Life  of  Cowper,  and  we  have  never  cast  our  eyes  on  the  volumes  s^nce,  without 
wishing  to  unravel  a  few  things  in  the  poet's  history  which  were  then  left  in 
mystenr.  Taylor  professes  to  deal  openly,  and  remove  all  concealment.  In  one 
beautiful  volume,  he  has  given  us  the  substance  of  all  which  is  known  concern- 
lag  tbe  most  sensible  and  pious  of  all  the  English  poets;  whose  writings  will 
be  regarded  as  the  best  of  their  kind  wherever  the  English  language  shali  be 
Amd.  In  all  bis  numerous  works,  he  has  no  line  of  measured  jingle  without 
sense.  Can  this  be  said  of  scarcely  any  other  child  of  the  muses  ?  Those  who 
have  Hayley*s  two  volumes,  will  be  thankful  for  the  labors  of  Taylor ;  and  those 
who  have  neither,  should  purchase  this  new  compilation  without  delay.  It  is  a 
work  which  will  be  found  interesting  to  all  classes,  especially  to  the  lovers  of 
literature  and  genuine  piety,  and  to  place  within  the  reach  of  general  readers, 
many  of  whom  bave  neither  the  means  nor  the  leisure  to  consult  larger  works,  all 
that  is  really  interesting  respecting  that  singularly  afflicted  individual,  whose  pro- 
ductions, both  poetic  and  prose,  can  never  be  read  but  with  delight. — Philadelphian. 

Messrs  Key  it  Biddle  deserve  credit  for  placing  within  the  reach  of  all,  in  so 
eheap  and  convenient  a  form,  what  must  be  salutary  in  every  instance  in  its 
general  efl^ect.  The  character,  pursuits,  performances,  and  sufibrings  of  Cowper, 
combine  more  interest  than  belongs  to  the  life  of  any  of  the  great  English  au- 
tlMMV  who  spent  any  considerable  part  of  their  days  in  retirement.— JVat.  Gaz. 

A  beautiful  American  edition,  from  the  press  of  Key  &  Riddle,  has  just  been 
published,  and  cannot  fail  to  meet  with  a  welcome  reception  from  all  who  ad- 
mire that  best  of  men  and  most  agreeable  of  poets.  It  is  the  most  complete  and 
valoable  edition  of  the  Life  of  Cowper  extant,  and  contains  a  well-executed  por- 
trait.— Paultoh'e  Daily  Mv.  \ 
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LEGENDS  OF  THE  WEST. 

By  James  Hall,  secoDd  edition,  containiDg  the  foDowing  beauti- 
tbl  told  tales: — ^The  Backwoodsman; — ^The  Divining  Rod; — ^The 
Seventh  Son; — ^The  Missionaries; — The  Legend  of  Caroodolet ; — 
The  Intestate ;— Michael  De  Lancey ; — ^The  Em^rants; — ^The  In- 
dian Hater; — The  Ide  of  the  Yellow  Sands; — ^The  Barreckmas- 
ter's  Daughter; — ^The  Indian  Wife's  Lament 

We  are  glad  to  tee  a  new  edition  of  these  well-told  tale*  of  Jnc^  Ball  baa 
recently  been  {Miblisbed. — Bott.  Ebb.  Oox. 

The  deserved  pofmlarity  of  these  tales  of  Judge  Hall,  have  secured  to  them  the 
publication  of  a  second  edition.  His  sketches  are  admirably  drawn,  and  his 
personal  familiarity  with  scenery  and  life  in  the  West,  have  furnished  him  with 
ineidente  of  peculiar  interest,  greatly  increased  by  liBlicitoiis  description.— JV.  T. 
Orm.  Adv. 

The  rapid  sale  of  the  first,  has  created  a  demand  fbr  a  second  edition  of  the 
work,  whose  title  heads  this  article. 

The  **  Legends"  i^mprise  twelve  articles,  one  of  which  is  poetic  The  scenes 
of  these  tales  are  all  located  in  the  *'  far,  fiir  West,*'  and  the  characters  are  taken 
from  the  aborigines  and  early  emigrants.  The  difficulties  and  dangers  whieb  the 
first  settlers  had  to  undergo  ere  they  were  established  in  security,  are  depictad 
in  glowing  colors,  and  with  a  master  hand. 

The  rude  and  savage  warfare  of  the  Indians,  the  secret  ambuscade,  the  mid- 
night slaughter,  the  conflagration  of  the  log  hut  in  the  prairie  and  forest,  the 
shrieks  of  consuming  women  and  children,  are  presented  to  our  minds  by  the 
author  in  vivid  and  impressive  language.  These  talcs  possess  much  interest,  as 
they  are  founded  in  fact,  and  are  illustrative  of  the  habits  of  the  Indian,  and 
the  life  of  the  hunter.  As  a  writer.  Judge  Hall  is  more  American  than  any  other 
we  possess ;  his  scenes  are  American  ;  his  characters  are  American,  and  bis  lan- 
guage is  American  His  personages  are  invested  with  an  individuality  which 
cannot  be  mistaken,  and  his  coni^eptions  and  illustrations  are  drawn  from  the 
great  storehouse  of  Nature.— JDat/y  InteL 


THE  PROGRESSIVE  EXPERIENCE  OF  THE  HEART, 
UNDER  THE  DISCIPLINE  OF  THE  HOLY  GHOST,  FROM 
REGENERATION  TO  MATURITY.     By  Mrs.  Stevens. 

This  is  a  work  which  may  be  rocommendod  to  religious  readers  and  to  serious 
inquirers,  with  great  safety.  It  is  written  in  an  impressive  style,  and  is  evi- 
dently the  production  of  a  mind  and  heart  thoroughly  imbued  with  Christian 
knuuicdge  and  experience.  The  operations  of  the  Holy  Ghost  upon  the  soul  of 
man,  are  traced  with  a  discrimination  which  nothing  but  a  personal  experience 
of  his  influences  could  have  furnished.    Doddridge's  Rise  and  Progress  of  Reli- 

5 ion  in  the  Soul,  is  an  admirable  book  on  this  subject,  but  Mrs.  Stevens*  treatise 
eserves  an  honourable  place  at  its  side.    Ministers  of  the  Gospel  should  consult 
the  spiritual  welfare  of  their  people,  by  recommending  and  promoting  the  circa 
lation  of  such  works. — Presbyterian, 


ON  THE  DIAGNOSIS  OF  THE  DISEASES  OF  THE 
CHEST ;  derived  from  a  comparison  of  the  Physical  Signs  with 
the  General  Symptoms.  With  a  new  classification  of  the  Physi- 
cal Signs  according  to  their  relative  importance  and  greater  or  less 
facility  of  acquisition.     By  W.  W.  Gerhard,  M.  D. 

PRINCIPLES  OF  PATHOLOGY,  AND  PRACTICE   OF 
PHYSIC :  by  John  Mackintosh,  M.  D.,  Lecturer  on  the  Practice 
of  Physic  in  Edinburgh.     With  notes  and  additions  by  S.  -G.  Mor- 
ton, AT.  D.,  author  of  IWuslralVoTxa  of  Pulmonary  Consumption,  &c. 
_  _  ^ 
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A  BOOK  FOR  MOTHERS. 

Aids  to  Menial  Development,  or  Hints  to  Parents,  being  a  Sys 
tern  of  Mental  and  Moral  Instruction  exemplified  in  Conversations 
tetween  a  Mother  and  ber  Children ;  ¥rith  an  Address  to  Mothers. 
B7  a  Lftdy  of  Philadelphia. 

To  know  -bow  to  intaresi  aad  expend  the  ini«d  of  a  child  with  the  letMons  of 
wiadoBi — to  in^part  knowled^  in  suehanamier  asat  onee  to  gratify  and  excite 
a  itaint  finr  it,  is  an  acquuitioa  posseased  by  y&ry  few ;  but  it  is  an  acquisition 
indiajpanaaUe  io  the  right  dieeharge  of  the  duties  of  a  parent.  Many  must  be 
the  bottia  of  vacattey,  or  miaehier,  aud  moat  generally  the  latter,  <n  the  child 
whoae  parenta  have  not  the  faculty  of  alluring  hiai  to  knowledge  and  virtue, 
mad  eonverting  the  paina  of  affliction  into  pleasure;  and  he  who  contributes 
any  thing  towards  aiding  them  to  discharge  the  duties  devolving  on  them, 
dtaervea  the  aratitude  of  tlie  public  We  hvre  before  ua  a  book  in  this  depart- 
■lent,  entitlea  Aids  to  Mental  Development,  or  Hints  to  Parents ;  Just  from  the 
preaa  of  Key  St  Biddle  of  this  city  ;  ISino.  335  pp.  It  is  in  the  form  of  a  familiar 
eonVeraation  between  a  mother  and  her  children  ;  in  a  style  delightfully  natural, 
aJB^etionate,  and  easy.  The  t(H>ics  selected  for  discussion  are  thuue  with  whicli 
patents  of  intelligence  and  piety  would  wish  to  make  their  children  familiar ; 
and  the  manner  in  which  they  are  discussed  is  happily  adapted  to  nurture  tlic 
growth  of  both  the  intellectual  and  the  moral  powers. — Christian  Gazette. 

JkB  ihe  aulifefct  of  education  is  one  of  great  importance,  and  is  begiuuing  to  be 
feu  as  auch,  by  many  who  have  hitherto  bestowed  upon  it  too  little  oousidern 
Hon,  weieannot  doubt  that  this  work  will  meiet  with  a  ready  sale,  and  extensive 
-eiOBiihitlan ;  and  we  ean  sirioefely  recommend  it  to  the  earnest  and  careful  atten- 
Ijonof  all  paf^l^te  ^^  ^^^  young  children.-^Sslwrdair  dntrier. 

AUTOBIOGRAPHY  OF  JOHN  GALT,  ESa 

**  I  will  a  round  unvarnished  tale  deliver.** 

**A  work  of  commanding  interest;  its  every  page  is  an  illustration  of  the 
lemark, — that  the  romance  of  real  life  exceeds  the  romance  of  fiction.  This  is 
decidedly  the  happiest  effort  Mr.  Gait  has  made.**— JVeio  Monthly  Magazivie. 

Mr.  Gairshook  will  be  read  by  ever^  class  of  readers.  It  is  a  work  full  of 
intereat  and  amusement,  abounding  in  anecdotical  recollections,  and  every 
where  interspersed  with  the  shrewd  and  searching  observations  for  which  the 
inibor  has  been  always  distinguished.— Ss/arctay  Courier. 

Toour  readers  we  dieerfully  commend  the  book  as, amusing  and  instructive: 
it  ia  full  of  iaiereatiag  matter,  and  as  an  autobiography  will  rate  with  the  beat 
4rf  ihe  ^y.-~Pkiladelfkim  Ct*zeUe. 

It  ia  full  of  striking  illustrations  of  the  remarkable  character  of  its  author; 
and  for  the  mind  disposed  to  study  the  individualities  of  our  species,  it  contains 
■ineh  that  will  reward  the  investigation. — 0»mm«reial  Htrald. 

It  la  no  leas  entertaining  and  much  more  useAii  than  any  one  of  his  novels. — 
J/kthnul  Otaette. 

It  ia  what  it  purports  to  be,  "  the  autobiography  of  John  Gait,**  and  is  inter- 
eating  as  presenting  faithful  illustrations  of  the  singular  character  of  the  author 
—wiio  is  Justly  regarded  as  one  of  the  best,  as  well  as  one  of  the  most  volu- 
minoua  writers  of  the  age. — Boston  JUer.  Eve.  Jour. 


I 


CELEBRATED  SPEECHES 

Of  Chatham,  Burke,  and  Erskine ;  to  which  is  added  the  Argu- 
ment of  Mr.  Mackintosh  in  the  case  of  Peltier.  Selected  by  a 
Member  of  the  Bar. 

Mueh  ia  gained  in  richness  and  energy  of  expression,  and  fertility  of  thouaht 
hf  the  frequent  perusal  of  the  masterpieces  of  rhetoric.    Historical  knowledge 
too,  ia  derived  Arom  them,  vivified  by  the  spirit  of  debate  and  indignant  exposi- 
tkw  of  wrong.    Some  of  the  speeches  in  this  acceptable  collection  relate  to 
AMeriean  amirs  and  character— we  mean  that  of  Burke  on  Ameciemtv  T^liat  \ 
tlm,  and  thoee  of  Chatham  which  burat  Arom  hia  aouX  of  f^xa.   T\!a  aaVe^VvoiTv  \%\ 
Jndieiona,  Mad  the  book  inrfispenaable  for  theUbrary  of  eveiv  c\\Jeua'n'iR>aKkn«^M^^ 
*o m piMi0 ^pemker.-  ^fluiomml  €hnoU:  \ 


VrOtLKB  BEOEHTI.Y    PUBIilSHED 

1  he  frequent  reading  of  sucb  lelections  from  such  maaten,  cannot  but  prove 
advantageous  to  the  young  men  of  thit  country,  where,  more  than  in  any  other, 
dependence  will  be  placed  upon  the  power  of  eloquence;  and  it  it  well  that 
good  models  should  be  furnished  to  those  who  are,  or  seek,  thus  to  sway  the 
public  mind.  Bring  alone  the  great  truths  of  the  aicument  in  a  captivating 
style,  and  it  will  soon  be  round  that  even  the  most  uninformed  will  strike  iato 
the  current  of  the  address,  and  be  carried  along  thereby.—  U.  8.  Chuette. 

Among  the  great  men  in  the  intellectual  world,  who  have  astonished  and 
delighted,  charmed  and  instructed  mankind,  by  the  splendor,  power,  and  mag- 
nificence of  their  oratory,  none  stahd  higher  than  Chatham,  Burke,  E^kine  and 
Mackintosh.  The  speeches  contained  in  this  volume  are  splendid  spednens  of 
rich,  ornate,  powerful,  and  argumentative  oratory,  and  no  one  possessing  in  the 
least  degree  a  love  for  intellectual  crandeur,  can  read  them  without  feeling  IdM 
heart  glow  with  admiration,  and  have  his  soul  animated  with  a  leal  for  the 
liberty  of  all  mankind.— Pemx.  Inquirtr. 

This  volume  contains  some  of  the  speeches  of  these  great  masters  of  Englidi 
Eloquence,  speeches,  which,  whether  we  refer  to  the  momentous  character  of 
their  topics,  tlieir  power  of  thought  and  display  of  learning,  or  tlieir  cluums  of 
stvie  and  graces  of  diction,  will  serve  as  models  for  public  speaking,  and  soorees 
of  instruction,  political,  intellectual  and  moral,  to  all  Aitiire  ages. — OkmrletUm 
OomrUr. 

AN  ESSAY  ON  THE  SPIRIT  AND  INPLUENCE  OP 
THE  REFORMATION.  A  work  which  obtained  the  prize  on  the 
following  question  proposed  by  the  National  Institute  of  Prance : — 
^  What  has  been  the  influence  of  the  Reformation  by  Luther,  on 
the  political  situation  of  the  diflerent  states  of  Europe,  and  on  the 
progress  of  knowledge  ?"  By  C.  Villers,  sometime  professor  of 
philosophy  in  the  University  of  Gottingen^  Translated  from  the 
French.  With  an  Introductory  Essay,  by  Samuel  Miller,  D.  D. 
Professor  in  the  Theological  Seminary  at  Princeton,  N.  J. 

The  National  Institute  of  France  proposed  the  following  as  a  fO'lze  question. 
"What  has  been  the  influence  of  the  Reformation,  by  Luther,  on  the  political 
situation  of  the  different  states  of  Europe,  and  on  the  progress  of  knowledge?** 
Amoiiff  the  competitors  was  C.  Villers,  Professor  of  Philosophy,  in  the  Univer- 
sity of  Gottingen,  and  to  him  the  prize  was  adjudged.  Villers  was  not  an  eccle- 
siastic or  sectarian,  but  a  philosopher,  and  treats  the  subject  in  a  philosophical 
manner.  Those  who  are  interested  in  tracing  the  causes  that  have  given  direc- 
tion to  the  course  of  human  events,  will  be  richly  rewarded  by  a  perusal  of  this 
Essay. 

SELECT  SPEECHES  OP  THE  RIGHT  HONOURABLE 
GEORGE  CANNING,  with  a  preliminary  Biographical  Sketch, 
and  an  Appendix  of  extracts  from  his  writings  aira  speeches.  Edit- 
ed by  Robert  Walsh,  Esq. 

The  American  Quarterly  Review,  in  a  notice  of  Canning,  holds  the  following 
language : — 

We  cannot  take  leave  of  Mr.  Canning's  oratory  without  referring  to  the  ex- 
treme beauty  and  appositeness  of  his  occasional  allusions.  *  *  *  It  is  not 
merely  eloquence— it  is  poetry  in  the  bcauty^  of  its  conception,  it  is  paintina  in 
the  complete  delineation  of  its  images,  it  is  music  in  the  harmony  of  its  lan- 
guage. 

But  the  beautiful  and  useful  point  to  us  in  the  history  of  Mr.  Canning's  ora- 
tory is,  that  it  was  the  natural  and  graceftil  product  of  a  cultivated  mind — a  pro- 
duct, which,  in  its  more  valuable  characteristics,  might  be  secured  any  where, 
since  it  was  the  necessary  end  and  result  of  the  application  of  adequate  means. 
Would  we  refute  by  a  gesture  all  the  miserable  outcry  asainst  a  high  order  of 
education  in  the  United  States,  we  need  but  point  to  the  speeches  of  Geoige 
Canning— a  great  memorial,  secured  to  his  fkme.  and  to  the  honour  of  his  eoun- 
try,  not  by  high  birth  and  we&Uh,  or  even  the  sedulous  anxiety  of  paternal  aflbe- 
tion,  watching  over  and  fosteTiug  AeveVoyotteiftU  ot  \wVft>\«A,\»it  by  aelf^aequire- 
ments,  literally  and  practicaUy  wVttAu tt«  tw«*i^^*  ^taaA  vasoRM. la^^vK.  vroer 
^y  in  America.  \ 
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COUNSELS  FROM  THE  AGED  TO  THE  YOUNG.     By 
Dr.  Alesuider. 


AN  ADDRESS  TO  THE  YOUNG,  ON  THE  IMPORT- 
ANCE OF  RELIGION.  By  John  Foster,  author  of  Eesays  on 
Decisioii  of  Character,  &c. 

We  are  not  going  to  hold  a  nuh-ligbt  up  to  a  book  of  John  Fo«ter*8,  but  onljr 
Dbean  to  tell  what  is  its  intent.  It  is  an  awaicening  appeal  to  youth  of  the  re- 
lined  and  educated  awt,  upon  the  subject  of  their  peraonal  religion.  There  can 
be  no  doubt  at  to  its  currency.— 7!ft«  PreabfUrian. 

John  FoMer  is  allowed  by  men  of  all  parties,  political  and  religious,  to  be  one 
of  the  most  original  and  vigorous  thinkers  of  the  age.  His  well  tried  talents, 
his  known  freedom  from  cant  and  fiinaticism,  and  the  importance  of  the  subject 
discossed,  strongly  commend  this  book  to  the  attention  or  that  interesting  class 
to  whom  it  is  udressed.    All  his  writings  are  worthy  of  careflil  and  repeated 

?inisal;  but  his  essay  on  "Decision  of  Character"  and  this  "Address  to  the 
oang,**  should  be  the  companions  of  all  young  persons  who  are  desirous  of 
intcUeetual  and  moral  improvement. — £^.  Hteorder. 

PICTURES  OF  PRIVATE  LIFE. 

SECOND  SKRIES. 

Containing  Misamth&oft,  and  Turn  Pairs  or  Pleasing. 

**  Hie  aitt  of  the  writer  is  evidently  to  instruct  as  well  as  amuse,  bv  offering 
these  admirable  sketches  as  beacons  to  warn  the  young,  especially  of  her  own 
tex,  against  errors  which  have  shipwrecked  the  happiness  of  so  many.**—  Gen- 
tUmant*  Mugmdn: 

f  These  irictures  are  charming,  natural  stories  of  the  real  living  world ;  and 
of  the  kind  which  we  rejoice  to  see  the  public  beginning  to  appreciate  and 
reUflh ;  they  are  delineated  in  simple  and  often  beautiful  language,  and  with  a 
powerfhl  moral  effect*'— 7*ir(*«  Magtuint. 

**  The  ol^ect  of  the  writer  is  to  profit,  as  well  as  to  amuse ;  to  promote  the 
love  of  virtue ;  to  exhibit  the  consequences  of  vice ;  and,  by  a  delineation  of 
leenes  and  characters  visible  in  every  day  life,  not  only  to  inculcate  what  is  ex- 
eellent,  but  to  show  what  is  practical.**— Z^terary  Oaiette. 

"This  beautiful  little  volume  can  scarcely  be  perused  without  affecting  and 
improving  the  head  and  the  heart ;  and  to  young  ladies  particularly,  would  we 
most  earnestly  recommend  it.**— &ot«  Times, 

**  We  have  great  pleasure  in  directing  the  attention  of  our  readers  to  this  very 
interesting  volume.  It  is  written  in  a  style  which  cannot  fail  to  entertain,  and 
insare  the  anxious  attention  of  all  who  peruse  its  pages,  while  the  moral  senti- 
ments conveyed  must  recommend  it  to  those  Who  wish  to  combine  instruction 
with  amusement.  The  work  is  also  embellished  with  a  most  beautiful  frontis- 
piece portrait  of  the  heroine  of  one  of  the  tales,  which  is  itself  worth  the  price 
of  the  volume.** — CattU>ridge  ChrmtieU, 

THE   BACHELOR  RECLAIMED,  OR  CELIBACY  VAN- 
QUISHED, from  the  French,  by  Timothy  Flint. 

It  -is  a  good  lesson  for  those  who  are  net  married,  and  who  deserve  to  be,  for 
we  do  not  hold  that  every  bachelor  deserves  a  wife.  Things  of  this  kind  (wives 
we  mean)  are  meted  out  by  Providence  with  an  eye  to  reward  and  punishment ; 
aiM  a  man  may  stand  on  such  neutral  ground  in  more  ways  than  one,  that  a 
wife  for  either  of  the  abore  providential  ends,  would  be  entirely  out  of  the 
question ;  but  on  either  side  of  the  line,  tb^*'*  are  some :  and  while  men  will 
sin,  or  must  be  virtuous,  there  will  be  marrying;  and  if  a  man  has  any  regard 
tbr  his  character,  he  will  look  to  bis  standing  in  this  manner,  and  read  this  book 
of  Mr.  Flint's  translation.— <7.  &  Oazeue. 

The  main  Incidents  are  connected  with  the  history  of  an  Invnterate  barlielor 
— the  worthy  president  of  a  Bach«lor*fi  Club— who  despite  of  tvivcvM'Af  <^VS,%  \xv\ 
love,  avaiiiHt  hisprinctpl'>s,  marries,  and  contrary  to  «x\»ec\ii\\vvft  \»\\«VV'9*  tVkv^X 


greftl  revoliitioa  in  ■eBtioMnt  ii  aoeoflipUslieA  ky  ibe- power  of  fanalo  •>iyp^ 
Cy  an  exhibition  of  the  lovelinen  ki^  ftmale  eharaeter,  antf  by  the  fere*  <)i  rtm- 
•on— at  leaft  such  are  the  coociusioos  of  the  author. — Pkilad.  Otu 

It  is,  of  course,  a  love  story,  and  such.  an.  one  as  eouM  only  emanate  ttom  a 
French  writer— light,  entertaining,  and  with  an  excellent  moral.  An  inveterate 
bacl^tor  it  nt laimed^liia  hatred  towasdf  tha  female  aex  ia  duuweA  into  ail- 
miration,  and  eventually  be  marriea.  Thia  great  revolution  in  aeoument  lit  fo^ 
comeliehed  by  the  fofoe  of  female  ahaime  by  am  exUMtkni  of  tba  loveUnaaa  of 
the  female  character.  The  book  should  be  read  not  only  by  ba^iielois,  bu|  1^  ^m^ 
married  ladioa— they  may  derive  Instruction  from  its  pagea*— Sstimiair  En.  P9$U 

BEAUTIES  OF  ROBERT  HALL. 

If  Robeit  Hatl  wrote  aompavativalir  little,  what  bo  did  write  baaia  tlw  impwsi 
•f  geaios,  miited  witb  piety.  He  waa  a  loaynary  of  tba  feat  oidsr,  and  it  i* 
dehfftatAtl  ta  feel  t  m  iafewaee  of  bia  baaaia.  To  thooa  who  aMMiot  obtain  bin 
wbole  worka,  we  raooamend  tbia  aboica  aalictinn,  widab  certaady  oow 


/ 
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The  ^*  Beamica  of  Robert  Hall,**  wMeb  bave  Jnat  been  pabliriied  If  Key  fe  BIA* 
die,  eonuin  aelectiens  fkom  bis  various  writing.  They  are  beaQtirai'  ipeeianeni 
•f  chastened  and  pure  composition,  and  are  ridi  in  sentiment  and  principte. 
Tliese  extracts  contain  much  useful  matter  for  reflection  and  meditation,  and 
may  be  ^rused  by  the  old  and  the  young,  the  grave  and  the  gay,  t^  learned 
and  the  illiterate,  with  advantage.  We  bave  rarrty  seea  ia  ao  amall  a  spnea  ao 
much  powerful  thought  as  is  exhibited  in  this  little  volume.— Bovtsa  JEv.  Owx, 

StKETCH£S  BY  MRS.  SIGOU&NEY. 

Comprising  six  tales.  The  Father— Legend  of  Oidqid-^7lM 
Family  Portrait— Oriana — ^The  Intemperate,  and  tiie  Pkitmiofa* 

It  is  the  high  prerogative  of  women  to  win  to  virtue— it  is  the  praise  <^  Vou 
Sigourney,  that  her  prerogative  has  been  exercised  far  beyond  the  domestic  <*ir« 
ale.  The  influences  of  l^r  mind  have  been  felt  and  acknowledged  wherever 
English  Literature  finds  a  welcome.  These  Sketches  have  been  aongbt  aAer 
with  avidity,  by  those  who  would  profit  by  the  most  deligtatfel  meana  of  ttn- 
provement. — U.  8.  OaietU. 

Mrs.  Sigourney  has  a  moral  object  in  each  of  her  interesting  fictions,  wMcb 
she  pursues  with  constant  attention  and  eflEect. — JVIUtoiia/  ChneUe, 

The  Tales  and  Sketches  need  no  recommendation  as  the  talents  of  the  «a- 
thoress,  in  this  branch  of  literature,  are  well  and  favourably  known — tbey  ii  ill 
be  read  with  great  interest. — SaturiUiff  Em.  Ptat. 

The  Sketches  before  us  are  worthy  of  the  enticing  form  in  which  tbey  appt4i! 
—Mrs.  Sigourney  is  a  writer  of  great  purity,  taste  and  power ;  she  seldom  Q3(a^- 
gerates  incidents :  is  simple  and  unambitious  in  her  diction ;  and  possesaes  tbi  t 
ml^:ical  influence, — which  fixes  the  attention,  even  in  a  recital  of  ordinal  r 
events.  Her  sentiments  are  touching  and  true,  because  tbey  spring  from  ttia 
holy  source  of  an  unhackneyed  heart.  They  will  add  a  virtuous  strength  to  ^fi 
heart  of  every  reader,  as  well  as  be  an  ornament  to  the  library  of  the  ownitr.-- 
Cemmereial  Intellifmteer. 

To  parents  the  work  particularly  commends  itself,  and  has  only  to  be  ki.owff 
to  be  eagerly  patronised.  Young  Ladies  may  learn  a  valuable  lesson  from  thi 
story  of  the  "  Family  Portrait;"  one  which  tbey  will  not  be  likely  soon  to  fergat 
'-Paulson's  Dailff  J§dioertiser. 

This  is  a  beautiful  volume  in  every  respect— the  style  of  its  execution,  it^  a* 
gravi  Off  which  teaches  with  the  force  of  truth,  and  itacontenta,  are  alike.'  /  jri« 
lent.  The  graceful  simplicity,  good  taste,  classic  imagery  and  devotional  *irit« 
which  distinauish  Mrs.  Sigourney*s  poetry,  are  happily  blended  and  presented  in 
living  forms  in  the  prosaic  "  Sketches"  before  us.  In  this  department  of  lettcrai 
as  in  poetry,  she  will  be  ruad  with  interest  and  deli^bt,  be  introduced  by  C9ui^ 
tian  parents  to  their  children  as  an  accomiillshed  guide  and  teacher,  and  reeoiva 
the  well  merited  commendation  of  thousanils.— SautAcra  Rsligwus  TVsgn^lu 

FRANCIS  BERRIAN,  OR  THE  MEXICAN  PATRIOT,  by 
Timothy  Flint,  Esq. 

This  is  an  all  absorbing  nove\.  wf»  tWti^t  Nix. •y\AWt''%Vii».»—y.  T»  Ai^wSmck. 
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THE  YOUNG  MAN'S  SUNDAY  BOOK: 

A  prectical  manual  of  the  christian  duties  of  piety,  benevolence 
and  self  government;  prepared  with  particular  reference  to  the 
formation  of  the  manly  character  on  the  basis  of  religious  principle, 
by  the  author  of  the  Young  Man's  own  Book. 

This  is  one  of  those  useful  little  volumes  that  will  find  its  way  throug;h  the 
world,  creasing  and  doinf  ^ood  wherever  it  may  to.  It  professes  to  be  a  'Manual 
of  tlie  Cliristiaa  duties  of  piety,  benevolence,  and  self  government,  prepared  with 
reference  to  the  formation  of  a  manly  character  on  the  basis  of  religious  princi- 
ple.* It  disclaims  all  sectarian  views,  or  the  desire  to  make  proselytes  for  any 
party ;  desiring  but  to  diffuse  something  of  ths  spirit  and  practice  of  Christianity 
amonc  the  rising  generation,  and  to  establish  as  widely  as  possible  those  princi- 
ples of  virtue  and  goodness  which  all  men  profess  to  respect. — Penn.  Inquirer. 

It  is  a  summary  of  moral  and  religious  duties,  and  is  full  of  useftil  precepts  and 
excellent  admonitions.— G%rtsti«»  OawetU. 

We  have  not  read  it  entire— but  the  evangelical  sentiments  and  ability 
evineed  in  parts  of  it  which  we  have  examined,  commend  it  to  public  favour  and 
especially  to  the  attention  of  young  men,  to  whom  it  may  bea  useful  and  valua- 
ble coankellor.  It  contains  in  a  series  of  essays  of  moderate  length,  a  summary 
of  Christian  dutv  rather  than  doctrine,  drawn  from  the  writings  of  those  whose 
names  command  respect  throughout  the  Christian  world.  Its  design  is  noble — it 
is  to  establish  young  men  in  the  observance  of  those  grand  principles  of  virtue 
and  goodness,  whidi  the  holy  Scriptures  enforce  with  the  sanctions  of  God's 
aiitburity,  and  which  all  men,  the  profane  as  well  as  the  pious,  respect. — Southern 
RBligUuB  TOefrepk. 

The  Yomug  Man**  Sunday  Bo9k  is  a  Practical  Manual  of  the  Christian  duties 
of  Pi^tj,  Benevolence,  and  Self-government,  prepared  with  particular  reference 
to  the  n>rmation  of  the  manly  character  on  the  basis  of  Religious  Principle.  It 
professes  to  be  a  Summary  of  duty,  rather  than  of  doctrine.  Its  articles  are 
generally  short,  and  have  been  drawn  from  the  writincs  of  men  whose  names 
command  respect  throughout  the  Christian  world.  It  is  admirably  suited  both 
in  its  character  and  form  (being  a  small  pocket  volume  of  3110  pages)  for  a  pre- 
sent to  one  Just  verging  to  manhood,  whether  a  firiend,  an  apprentice,  or  a  son  : 
and  Mueh  a  book  as  is  likely  to  be,  not  only  looked  «<,  but  looked  into:  and  that, 
not  only  on  Sunday,  but  daily ;  till  its  contents  become  familiar.— C4r.  Spectator. 

A  book  that  should  be  possessed  by  every  young  man.  It  is  a  sequel  to  the 
Toung  Man*8  Own  Book.— Atfarriay  Ev,  Pott, 

FOLCHETTO  MALASPINA,  an  historical  Romance  of  the 
twelfth  century,  b^  the  author  of  **  Libilla  Odaletta,'*  and  trans- 
lated from  the  Italian  by  Danibl  J.  Desmond,  Esq. 

.The  story  te  one  of  deep  interest,  and  the  translator  has  allowed  nothing 
thereof  to  escape ;  of  the  fidelity  of  the  work  we  cannot  speak,  having  no  access 
to  the  original ;  but  as  a  novel,  whether  original  or  translated,  the  work  is 
good.— CT:  8.  Ckuttto, 

It  Is  emphatically  a  fanciful  and  engaging  work,  and  no  one  can  sit  down  to 
its  perusal  without  being  chained  by  its  magical  influence,  to  an  attent'vn. 
which  will  be  kept  actively  alive  until  the  last  chapter.  In  this  there  is  av 
exaggeration,— it  is  a  novel  to  make  the  reader  feel,— to  have  his  curiosity  and 
sensilHlities  awakened, — and  to  produce  upon  the  heart  those  striking  impres- 
sions, which  can  only  be  excited  by  nature  when  portrayed  by  the  enchanting 
descriptions  of  a  master.  The  scenes,  the  characters,  the  dialogues,  and  the  in- 
cidents, are  so  graphically  sketched,  and  fiwcibly  delineated,  that  we  are  com- 
pelled to  admit  that  the  production  is  of  a  more  than  ordinary  character. 

Our  spaee  will  .not  admit  of  pointing  out  particular  beauties,  or  interesting 
paMadea;  to  the  work  itselt  we  must  refer  our  readers  for  a  rich  intellectual 
banquet,  which  is  only  to  be  obtained  by  its  perusal. 

In  dlmnissing  this  piroduction,  we  remark  that  it  is  beantifully  got  up,  and  will 
form  a  graceful  ornament  to  the  most  classical  library. — Penn.  Iiuiuirer. 

FroHi  parts  which  we  have  read,  of  Mr.  Dbsmond's  translation,  we  have  drawn 
.1  very  nvourable  inference  concerning  the  execution  of  the  whole;  and  we 
kn  tw  that  Malasfrina's  pages  are  held  in  high  estimation  by  competent  European 
ani  American  critics.    Ve  have  noted  in  the  Faris  BAvu«  ^iht.^<Ac^\fe^v^«% ^ 
stroi:g  encomium  nn  the  w  irks  of  this  Italian  nnveUet. — KaUQni.dl  QaxelU 
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TODD'S  JOHNSON'S  DICTIONARY  OF  THE  ENGLISH 
LANGUAGE.  To  which  is  added  a  copious  Vocabularv  of  Greek, 
Latin,  and  Scriptural  proper  names,  divided  into  syllaUei^  ajid 
accented  ior  pronunciation.  By  Thomas  Rees,  L.  L.  D.,  F.  R.  8.  A. 
The  above  Dictionary  will  mike  a  beautifbl  pocket  volome,  nine 
size  of  Young  Man's  Own  Book,  illustrated  by  a  likeness  of  John- 
son and  Wa]ker. 

The  editor  state*  that  **  in  eompiling  the  work  he  has  endeavoured  to  ftiniiflh 
such  an  epitoine  of  Mr.  Todd*8  en^arfed  and  valuable  edition  of  Dr.  Johnaoa*a 
Dictionary,  aa  would  enable  the  generality  of  persons  to  understand  the  most 
approved  American  and  English  authors,  and  to  write  and  speaX  the  language 
with  propriety  and  elegance.  The  most  correct  definitions  have  been  given  in  a 
condensed  form,  and  especial  care  has  been  taken  to  indicate  the  classical  and 
fashionable  pronunciation  of  every  word.**  The  style  of  printing  is  really  very 
handsome ;  and  the  embellishments,  consisting  of  an  engraving  of  Johnson  and 
another  of  Walker,  enhance  the  value  of  the  edition.  It  is  neatly  bound  and 
would  be  an  ornament  to  the  study  of  any  yonng  lady  or  gentleman,  while  tlie 
traveller,  on  bis  summer  tour,  would  And  it  an  appropriate  oompanion  for  his 
guide  book  and  Btage  Register.— Aosfoa  Trmvelier. 

This  really  beautiful  and  useful  little  work  should  be  possessed  bv  aH  who 
wish  to  spell  and  write  the  English  language  correctly.  Tlie  publishers  have 
rendered  it  so  attractive  in  its  appearance  as  to  be  an  ornament  to  the  parlour 
centre  table.  It  will  add  very  little  weight  to  the  trunk  of  the  traveller,  and 
will  often  relieve  him  from  painful  embarrassment.— CT.  &  OaxetU. 

This  is  the  age  of  improvement.  The  simple  elements  of  education  so  long 
lying  in  forbidding  print  and  binding,  are  now  appearingas  they  ought,  in  the 
finest  type  and  most  beautiful  and  ornamental  form.  The  Pocket  Dictionary 
published  by  Key  and  Biddle  deserves  to  be  commended  to  the  public  geueraRy, 
not  only  for  the  beauty  of  its  execution,  but  for  the  intrinsic  merit  it  possesses. — 
CharUatmi  Courier. 

This  beautiful  little  Dictionary  should  be  the  companion  of  every  young  lady 
and  gentleman  when  reading  or  writing,  whether  at  home  or  abroad. --lA*.  T. 
Commercial  Advertiser. 

THE  MORAL  TESTAMENT  OP  MAN. 

Key  &  Biddle  have  just  issued  under  this  title,  a  beautiAil  little  volume  made 
up  of  the  sayings  of  the  wise  and  good,  in  olden  and  modern  times.  These 
apothegms  are  all  upon  most  interesting  subjects,  each  one  carrying  with  it  a 
wholesome  as  well  as  a  most  agreeable  influence.  This  little  volume  is  to  tJie 
mind  and  heart  what  a  flower-garden  is  to  the  eye  and  nose.  It  deKgtats  and 
regales. — Commercial  Herald. 

Good  taste,  judgment,  and  a  love  of  dqing  good,  must  have  influeacad  and 
directed  the  industrious  compiler.  This  little  selection  of  precious  thouahts 
has  been  printed  and  bound  in  a  style  suited  to  the  worth  of  the  contents— 
ai^es  of  gold  in  pictures  of  silver.— C7.  S.  QazMe. 

CONNECTION  OF  THE  PHYSICAL  SCIENCES.    By  Mr?. 

Somerville. 

The  fkir  authoress  of  the  volume  before  us  is  already  fkvounbly  known  to  the 
public  as  a  unriter  of  much  power  and  considerable  celebrity.  The  present  work 
IS  well  calculated  to  increase  our  admiration  of  the  lady's  steflins  talents,  and  at 
tlie  same  time  make  us  foel  that  we  are  much  indebted  to  her  for  no  small  por- 
ti(m  of  useftil  information.  The  connection  of  the  physical  sciences,  their  mutual 
dcpendcnoios,  and  the  utility  of  simplification  and  generalisation  are  clearly 
shown  ;  and  the  whole  is  rendered  interesting  by  a  larre  embodyment  of  fkcts. 

The  f;en«!ral  reader,  and  those  whose  time  will  not  admit  of  perusing  volumin- 
ous treatises,  will  find  this  production  a  pleasing  and  useful  manual.  They  can 
refer  to  it  at  any  time  with  pleasure,  and  they  will  always  find  that  its  pages, 
instead  of  presenting  a  barren  waste  of  words,  are  enriched  by  the  brilliant 
genius  of  pn)found  thouffht.    We  ctieerfully  commend  it  to  our  readers  as  a  work 

/'well  worthy  thoir  attention.— P«»».  Inquirer. 
Bucb  18  the  eloquent  conclv^on  of  tiSne  wotk  ^toxe  \ift^  and  when  we  compare 
*'  ^itewnt  simplicity,  its  profoand  scVenca,  an4  >i«i  tefet^iwwi  *x.  *n«^  %\a^  to 
viadomof  the  Creator  of  tlus  "  univexMA  fewive\X»»v^xA\waa.\«ar  -«\>Sv\ 

— r§ ^  ' 


tilt  MiKlefoiii  «9d  oftea  mimft«afwUe  lewniim  whieli  hM  be«»  frtrnmi^  into  Mm 
mrviee  of  n«tiir^  wlicioa  uQ()er  Ui»  wiU  9f  Um  Bnxl  of  Uridgewater,  we  oi^nnot 
avoid  Mie  eo«eli«Hon,  MM  )ui4  Um  liberal  beqiteat  of  that  BoUfnMn  bieea  qpened 
to  comvetitioiK  thU  work  must  bave  carried  off  the  palm.  Suck  comp^ition 
ought  iuideed,  huve  called  out  popular  taleot  and  learaiag  equal  to  that  of  our 
autlioceas;  kut  ahe  sMiiid*  at  preaent  Dir  auperior,  in  Um  adaptaUon  of  her  mind 
to  ttae  oluecta  of  tiM  teatator,  to  any  of  thoaa  amoof  whom  tlM  legacy  has  keon 
divided,  aMtoagll  tlM  ckooan  acientiQc  men  of  Groat  Britain.— df«M#%  QjnarUrljf 

Tbe  style  of  this  astonishiag  prodaction  ia  ao  clear  aad  unaflbeted,  and  con- 
veya  with  so  much  simplicity  so  great  a  mass  of  profound  knowledge,  that  it 
aboald  be  plaoad  in  the  oanda  of  every  youth,  the  nooMnt  he  baa  mastered  the 
genecal  Eudimeuta  of  ediH:ation.— LMidro  QuarCcWy  R$vuw. 


THE  LADY'S  AND  GENTLEMAN'S  BOOK  OF  CLASSI- 
CAL LETTERS.  Consisting  ef  Epistolary  Selections,  designed 
to  improve  Ycnipg  Lfudiee  and  Gentlemen  in  the  art  of  Letter- 
Writing,  i^nd  in  tihose  principles  which  are  necessary  for  respecta- 
bility and  success  ia  life :  with  introductory  Rules  and  Observar 
lions  on  Epistolary  Composition.  By  the  Author  of  *'  The  Young 
Man's  Own  Book." 

Key  $c  Biddle  have  just  issued  a  very  neat  vplume  under  Uae  ahove  title— the 
letters,  tec  are  selected  by  the  author  of  the  very  popular  **  Young  Man's  Own 
Book,"  and  consist  of  the  very  best  epistolary  corretmoadence  of  the  masters  of 
our  language.  Horace  Walpoie,  Bishop  Heber,  Sir  William  Jones,  Dr.  Franklin, 
Sir  Matthew  Hale,  Dr.  Doddridge,  Dr.  Johnson,  the  Earl  of  Chatham,  General 
Washington,  Cowper,  and  the  letters  of  a  host  of  worthies,  have  been  resorted  to 
in  Uiis  truly  attractive  and  cheap  voli^me.  No  better  Christmas  or  New  Year's 
Present  could  be  selected,  as  its  contents  will  be  much  more  likely  to  be  service- 
able in  forming  character  than  any  annual;— it  is  nuweover  adc^ned  with  two 
handsome  engravings,  and  is  altogether  a  most  desirable  work. — Paulsen's  Dailjf 
Jtdosrtiser. 

**  The  Classical  Letter  Writer,''  compiled  by  the  author  of  the  Young  Man's 
Own  Book,  is  the  best  we  have  ever  met  with.  It  contains  choice  specimens 
firom  the  pens  of  the  greatest  masters  of  the  art,  for  it  is  an  art,  in  our  language, 
not  fbigetting  Cowper,  Franklin,  Walpoie,  Lady  Montague,  Johnson,  Kirke 
White,  Mrs.  Carter,  Hannah  More,  and  Miss  Elizabeth  Smiih.—J&urtial  qfBellea 
Lettr€s. 

One  of  the  neatest  and  most  useful  little  books  which  we  have  seen  of  late,  is 
The  Ctmsskml  Letter  fFriter,  Just  publidied  by  Messrs.  Key  &  Biddle.  It  consists 
of  a  judicious  choice  of  extracts  from  the  correspondence  of  eminent  authors, 
and  is  designed  to  improve  youth  of  either  sex  in  the  important  art  of  Letter- 
Writing.  The  Introdactory  rules  and  observationa  are  well  adapted  to  the  same 
design.— A'of.  Cfaz. 

DAILY  READINGS  ON   PASSAGES  OF  SCRIPTURE, 

selected  £ar  social  reading,  with  applications,  hy  the  author  of  the 

listener. 

The  circumstance  that  this  little  work  is  firom  the  pen  of  the  pious  and  accom- 
plished author  of  the  Listener,  must  of  itself  be  a  recommendation  to  every  reader, 
and  a  sufficient  evidence  of  its  merits.  The  immediate  purpose  of  the  publica- 
tion is  sufficiently  explained  in  the  prefkce.  The  author  has  found  it  the  oest 
mode  ofreading  the  scriptures  to  confine  the  attention  to  limited  portions  only, 
so  that  the  impression  obtained  may  be  one  and  undivided,  rather  than  weaken 
the  attention  by  diffiising  over  too  large  a  qiace.  Each  daily  reading,  therefore, 
is  conAaed  to  fifteen  or  twenty  verses  fhim  the  scriptures,  which  are  followed  by 
a  commentary.  The  aelections  are  Judiciouslv  made,  and  the  reflections  are  re- 
markable for  the  pure  spirit  of  feeling  aud  nevotion  which  they  every  where 
breathe.  Their  language  too  is  that  of  a  cheerful  christian,  IVee  fVom  gloomy 
and  desponding  ideas,  and  calejulated  to  cheer  those  who  resort  to  it  for  counsel, 
and  as  a  guide  in  their  meditations.    The  general  character  of  the  work  reminds 

tos  strongly  of  that  of  the  sacred  history  by  Mrs.  Trimmer,  a  more  vo\>\\n\xi<s«»»  \ 
prodactioq  however,  and  hence  less  available  to  the  f^entniAW^  ol  ite»Agt%.  ^YtaB^\ 


wosKS  mzaEVTi.T  viraz>iaBBi> 

BTtMBt  wotfc  will  ba  ftflod  ■  nkmUe  (oM'.  kMh  is  Iba  hnllT  and  in  tlia  eloMt. 
Bftutno  nitch  iminnaiiee  a  ■tUelieil  in  Iha  eynt  d[  mm  jhwu.  Io  ibe  mere 
nadlu  or  the  Bctlptiim  iniic|iendent  or  nay  ipeclllE  adTMliigc  la  be  (lined 
rwuo  Ili«lr  penul.  Thi>  mode  of  nadin(  ii  no)  nnly  unton.  bvl  pontlvelr  Inju- 

liined  In  ihs  ncnd  Tolume.  Piniojlariy  li  it  Imnanani  la  chlldn-n  in  be  nada 
to  nallag  ibe  value  of  tbe  Lalln  aitom  "baud  malia  1s(b  hi)  nullum,'-  ibai  la  a 
little  read  and  thorouvblr  donated  le  of  jnflnitvly  more  value  then  a  iar^ 
amount  received  into  the  mind  baeEily,  irnpprfoctly  compreheutfed,  and  eoon  (br- 
follen.  Aban  all  ii  ttaie  nils  imjnnaut  in  iia  application  to  tbe  aciiuurei. 
wbleh  ti>  rei^rd  nerely  aa  a  sdeacs  of  knawled; e,  deprivei  tbem  of  half  Ibeir 

LECTURES  ON  THEOLOGY.    By  the  late  Ber.  John  Dick, 

D.  of  Uluniw,  "    '  "■ .T  ■-    ,  r. 

lurch.     Wiui  a. 
Texts  niostnted. 

The  late  Dr.  Dick'e  "  Lacturei  on  Theology.^  are^  in  mj  apimbeniloB,  ami- 
neatly  Olted  to  attach  penQanaDtif  to  Ui  naihory  tbe  talfta  npulalioD  In  irhleli 
be  wae  held  durihghiellfb.  Thnr  Aw  a^'ateniDf  icrlptHnldiTlnil7TeTTaolIl■ 
"  enellaiuc.  The  arnnieoant  (tbooi)!  everj  priisl^ 
latlone  and  drawbaeke)  la  natural  aa< 


chaiactrtiaiica  of  their  enli(btened  autborV  nitid.  Thtf  an  dlatlaioiAed, 
throughout,  by  clear  conception  and  traiiiparently  tueid  eTpreaalon ;  by  a  ebaat* 
and  (racaful  alnplieli)'  of  alyle.  rl  tin;  ncea^nnafly,  on  eutilccta  that  aUrred  tha 
nataral  ealn  wlUiln.  m  lofllneaa  and  elmiaence ;  and  bt  a  ratiocination,  lumin- 
oiie.  candid,  and  forelMe.    What  by  anme  may  be  regarded  a>  a  delkcl.  I  am  dil- 

'  iHteDHal  fodllaeaa,  the  atu- 
rch,  and  la  eierapllfy  that 
tiim  ao  Hacntial  a  part  of 

loraeiteniive  p<ipal'ar  uaa. 
tbeeentlmentiof  tbe  ei- 


nuT  Theolopcal  litarature.  They  preeaiit  tbe  rcaulta  nf  loii«<aintinueil  and  aa. 
leoalia  raaeareb,  and  of  acloaa  and  attantive  atudy  nf  the  Rsly  Beriptorra ;  and 
■rn  dinln^lelied  fbr  clearneii  nf  conception.  almpllciliF  nf  lanpia^,  t>Raaiafl 

cmnjjre     ne  nneaii       ranp.  y  cann  rea^  hendeBBON. 

anibar  aitd  Ckurch  if  letini  Xagaiint^ 

a  e»nipr"Baii!<lre  range,  anil  when  we  add.  thai  Ihate  are  feH-  npinloni  nr  tnplra. 

to  which  bg  riuea  not  leaa  nr  mnre  adntl.  It  nun  be  ailaiilted,  that  In  point  of 
extent.  tkelMtaraa  are  ant  eneadoJ  by  any  in  the  BnfliiblananBfe.  Moatoftlia 
Doliila  an  nitlr  dlRuaed,  while  a  dne  prnpartion  ie  cniaiblly  alhnted  to  eacb. 
P.ir  ilmplieilT,  preeieion.  and  pennlnulir.  (be  laniuace  l>  pre-ominenUy  dlatln- 
r"'»/i«/.     -ria  authot  waa  eridmiV  a  iom  nt  taBnedtaaie^  ^J^i^^W^ 


JO 


heeoneeived  deariy  and  forcibly,  he  has  expreBaed  with  ele|[ance,  ease  and  energy. 
We  cannot  condade  Uus  notice  of  00  valuable  a  work  without  cordially  recom- 
mending  it  to  our  remdenJ'^—CongrefiitUnai  JUt^mzine. 

Aa  flir  aa  published  works  (on  Systematic  Theolosy)  are  concerned.  Dr.  Pick's 
Lectures  now  before  us,  are  entitled  to  an  undisputed  pre-emiuence.—£ran^e/tra/ 


The  late  Br.  Dick  has  long  been  known  and  esteemed  as  an  able  Theological 
writer;  and  tins  posthumous  publication  will  serve  still  more  to  elevate  bis  re- 
putation. It  contMOS  one  hundred  and  five  lectures,  w^hich  were  originally  ad- 
dreasod  to  students  in  Divinity,  and  revised  by  the  author,  at  different  times,  with 
great  care.  Hiey  constitute  a  body  of  Theology,  upon  strictly  Calvinivtic  princi- 
plea;  bul  at  the  same  time,  emtoace  a  large  portion  of  divine  truth,  in  which  all 
orthodox  Christians  are  agreed,  clearly  proposed,  and  powerf  jlly  defeuded. — Wes- 
lefMt  JUhUMtat  JMt^aztne. 

We  consider  these  Ljectures  as  no  small  accession  to  our  Theological  literature, 
and  would  cordially  rMOBMn«nd  them  to  the  perusal,  not  merely  uf  the  professional 
divine,  but  also  of  the  general  reader.  They  are  cbaracterified  throughout  by  a 
clear  and  perspicuous  style,  by  tastefbl  illustration,  by  fervent  manly  piety,  by 
canrfottT  and  perfect  feimess  in  statins  the  opinions  of  all  from  whom*  he  differs, 
and  hy  a  modest  nnd  inn  defenca  of  "  the  truth  as  it  is  in  Jesus.**  The  most 
intricate  doctrines  are  unfolded  with  admirable  tact.—PresbpurUn  Recieio. 

We  conclude,  by  recommending  this  work  in  the  very  strongest  terms  to  the 
Biblical  Student.  It  is,  as  a  whole,  superior  to  any  other  system  of  Theology  in 
our  langunga.  As  an  elementary  book,  especially  fitted  for  those  who  are  com- 
mencing the  study  of  drriaity,  it  is  unrivalled.  On  every  subject  which  he  dis- 
cuaaea.  Dr.  Dick  may  safely  be  trusted  as  a  scriptural  guide.— C4rt«(tan  JoumaL 

Few  men  of  the  present  day,  appear  to  have  united  more  requisites  ftir  the 
ofiice  of  Theological  Lecturer.  As  a  Hieologian,  we  are  told,  "he  was  distin> 
gttiabfed  by  the  strictnesa  with  which  be  adhered  to  the  great  Protestant  rule  of 
mnkain  tte  BiMe,  in  its  plain  meaning,  the  aourceof  his  religious  creed,  and  the  ba> 
sis  of  his  Theological  ^rstem.  The  intellectual  excellence  tor  which  he  was  chiefly 
remarkable,  was  that  of  conceiving  dearty ;  which,  when  united,  as  in  him,  with 
ac^jrteness  ainl  a  eoand  judgment,  must  be  peculiarly  useAil  in  Theological  invea- 
tagations."  To  these  higli  requisites,  he  added  a  very  correct  taste,  dignified 
mannera,  gentleness  of  heart,  and  fervent  piety,  such  as  rendered  him  an  object 
of  aflbctionate  veneration  to  his  pupils,  and  of  no  ordinary  attachment  to  his 
friendfl. -JEslsetk  Aseisvi.  . 


GREAT  NATIONAL  WORK. 


Key  if  Biddle  have  preparing  for  publication 

A  m&TOBY  OF  TBE  IJjfDlAN  TRIBES  GF  NORTH  AMERICA, 

With  Biograpliical  Sketches  and  Anecdotea  of  the  principal  Chiefii. 

To  be  embellisbad  with  120  portraits,  from  the  Indian  Gallery  in 
the  Department  of  War  at  WaBhinffton.  By  CoL  Thomas*  L. 
M'Renney,  formerly  connected  with  £e  Indian  Department,  and 
James  Hall,  Esq.  of  Cincinnati 

The  public  are  aware  that  a  most  interesting  and  curious  collec- 
tion of  Indian  portraits  has  been  making  since  1824,  by  the  execu- 
tive of  the  United  States ;  and  that  it  forms  a  gallery  in  the  Indian 
department  at  Washington,  numbering  at  this  time  about  one  hun- 
dred and  twenty  heads.  The  interest  felt  in  this  efibrt  to  preserve 
the  likenesses  and  costume  of  our  aborigines — a  work  so  intimately 
connected  with  the  natural  history  of  man,  is  indicated  by  the  im- 
mense numbers  of  our  citizens  and  foreigners,  who  visit  the  gal-  I 


RKS  REOEKTt.T  f  UBIiISHED 

lery ;  uid  the  ujiibrra  admiration  they  express  of  its  valuable  and 


rroup.     A  epecinien  of  one  portrait  a 

f.  :_  ..   r. :>.  -- all  the  fBSt  shttl]  I 

, of  the  originsL  drawingH  lias  beea  preserved. 

The  greater  part  ot'  them  were  taken  by  King,  of  Wishingtoiv 
from  life ;  and  will  be  vouched  by  responsible  nnmeB,  to  be  perfect 
liJtenefiaea. 
The  tribes  represented  in  this  gnllerj  are  eighteen  in  nomber, 


Creek,  (ur  Muscogee),  0i;hee  Cherokee,  Choclaws,  (or  Chsta), 
and  Seminole. 

Hopes  are  entcTtaioed,  that  a  likeneBS  of  the  celebrated  Poca- 
hontas, and  of  Captain  John  Smitn,  from  original  drawings  known 
to  be  in  tlie  Bowling  family,  ia  Virginia,  wm  accompany  the  pidi- 
lication. 

It  is  proposed  to  publish  the  work  in  twenty  numbeis,  eacli 
number  to  contain  Btx  JieadB.  The  imprcBsion  will  be  on  fine  thick 
piper,  corresponding  to  tlic  value  and  size  of  the  work,  and  to  its 
intended  perpetuity. 

An  e:;say  suited  to  such  a  work,  and  calculated  to  tltrow  a  light 
upon  the  history  of  this  interesting  people,  will  accompany  tha 
nrst  number;  and  as  materials  wiU  antuorize  it,  the  remaining 
numbers  will  be  interspersed  wiUi  bjt^rrapbical  eketche?,  and  utec- 
dotPB  of  the  oriw'inals,  and  with  vocamiiaries. 

The  work  will  be  written  by  Col.  Tbomaa  L.  MTCenney,  asd 
James  Hall.  The  connection  of  the  former  with  the  tnrfian  de- 
partment, his  long  and  lamiliar  acquaiatiince  with  our  Indian  rela- 
tions, and  travels  over  the  country  inhabited  by  most  of  the  tribes, 
and  his  personal  acquamtance  with  most  of  the  originals,  authorise 
the  conclusion,  that  what  he  may  furnieh  will  not  only  be  a  snitaUe 
accompaniinent  for  such  a  work,  but  add  greatly  to  its  interest  and 


It  is  believed  tliat  there  nowhere  exist  materials,  for  a  work  so 
unique,  so  bteresting,  and  in  all  that  regards  the  aborigines  of 
America,  ao  authentic  and  in^ructive.  It^  great  value,  as  it  re- 
gards the  United  States,  can  be  appreciated  properly,  perhaps,  only 
By  posterity,  because  the  IndiajiH,  though  thinned  and  scattcreii, 
are  yet  among  us.  Europe,  it  ia  believed,  is  prepared 
the  proper  estimate  upon  tlie  work.  In  order,  thoi 
countries  other  than  our  own,  may  enjoy  the  gratificalion  of  be-  I 
holding  the  red  men  of  our  forests,  in  their  almost  breathing  hke- 
iiesaes,  and  in  their  native,  varied,  and  singular  costumes,  srmnge-  I 
merits  will  bo  matle  for  publishing  the  work,  simultaneously,  i 
/  Eumpg. 
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Hy  SDU^ILSt^  o«  VOXiyLSm 

The  price  to  subscribers  for  each  number  will  be  six  dollars,  to 
be  paid  90  delivery. 

The  publishers  avail  themselves  of  the  following  flattering  no- 
tice of  this  design,  in  a  letter  from  Dr.  Sparks,  editor  of  the  North 
American  Review,  to  Colonel  M'Kenney.  From  a  gentleman  so 
distinguished  as  Dr.  Sparks,  so  well  and  so  deservedly  appreciated 
ibr  his  high  standing,  attainments,  his  taste  and  science,  and  with 
such  enlarged  opportunities  of  judging  of  the  importance  of  such 
a  work,  such  a  letter  is  decidecQy  encouraging. 

Boston,  September  527th,  1829. 
Mg  Dear  Sir— I  am  heartily  rejoiced  to  learn  by  your  favour  of  the  23d  instant, 
tiiat  there  is  so  good  a  jnxMpect  for  publiahing  the  portraits  of  the  red  men.  I  do 
not  consider  that  I  have  any  claim,  grooving  out  of  our  conversation,  and,  indeed, 
as  my  only  motive  was  to  be  instrumental  in  bringing  before  the  public,  so  rare 
uid  curious  a  c(dlection,  it  is  a  double  satisfaction  forme  to  know,  that  the  mat- 
ter is  in  io  good  hands,  and  encourages  hopes  of  entire  success.  In  my  mind,  the 
whole  glory  and  value  of  the  undertaking,  will  depend  on  the  accuracy  and 
beaatjr  with  whicfa  the  heads  shall  be  executed,  and  the  completeness  of  the  cos- 
tume. Ton  must  write  all  that  is  known  about  the  character  and  life  of  each 
person.  Let  us  have  a  work  worthy  of  the  subject,  and  honourable  to  the  na- 
tion, and  Just  to  the  Indians. 

Very  sincer^y,  yoar  ftiend,  and  obedient  servant, 

JASED  SPABKS. 
Thohas  L.  ArKiMRBT,  Esq. 

The  publishers  have  also  been  favoured  with  the  following  very 
flattering  letter  from  Peter  S.  Duponceau,  President  of  the  Ame- 
rican Philosophical  Society,  &c.,  to  Colonel  M'Eenncy,  upon  being 
riiwn  a  fipecunen  of  the  poitraits  intended  for  the  work. 

PHiLADELraiA,  May  25th,  1831. 
Dear  Sir— I  can  not  express  to  you  how  delighted  I  was,  when  I  was  kiridiy 
ahown  by  CoL  Cbilds,  the  tkc  similes  of  the  portraits  of  some  of  our  Indian 
Chiefs,  which  he  has  already  prepared  for  your  great  and  truly  National  work, 
and  such  an  one  as  would  do  hcmour  to  the  greatest  sovereign  of  Europe.  It 
has  often  occurred  to  my  mind,  that  such  a  work  wou'J  have  added  much  to  the 
glory  of  the  late  Emperor  Alexander,  of  Russia ;  and  I  yet  wonder,  tliat  his 
ftiends  did  not  suggest  to  him  the  idea  of  beginning  a  cabinet,  or  rather  a  museum 
of  the  natural  history  of  man,  by  collecting  either  in  wax  figures,  or  in  paintings, 
in  an  immense  hall,  or  gallery,  exact  likenesses,  representing  the  shapes,  colour, 
and  features,  as  well  as  the  various  costumes  of  the  numerous  nations  and  tribes 
that  Inhabit  his  empire.  I  am  glad  be  did  not  do  it,  and  that  our  country  will 
have  the  honour  of  laying  the  first  foundation  of  an  edifice,  which  must  sooner  or 
later  be  erected  to  the  most  important  of  all  sciences,  the  knowledge  of  our  own 
species.  The  day  will  come,  I  have  no  donbt,  when  by  the  exertions  of  patriots 
in  republics  like  our  own,  and  the  munilleenoe  of  monarchs  in  other  countries, 
the  philosopher  will  have  it  in  his  power  to  take  a  view  at  one  glance  of  the  dif- 
ferent races  of  mankind,  their  genera,  species,  and  varieties,  in  well  executed 
effigies,  and  thus  to  test  the  numerous  theories  to  which  diflferences  have  eiven 
rise.  * 

We  are  goin^  then  to  begin  by  exhibiting  the  red  race.  Your  knowledge  of  the 
Indian  Tribes  is  not  merely  theoretical;  you  have  lived  among  them,  and  have 
had  the  means  of  becoming  fkmiliar  with  their  habiu,  manners,  and  customs,  as 
well  as  of  their  languages :  therefore  the  historical  part  of  this  undertaking  could 
not  be  confided  to  better  hands. 

The  aborigines  of  the  United  States  will  soon  disappear  ftom  the  tkae  of  the 
earth.  I  am  unwilling  to  dwell  upon  this  topic,  so  disgraceful  to  the  white  race 
—to  the  Christian  raee  to  which  I  belong— one  consolation  only  remains.  By 
means  of  this  great  work,  the  efiigies  of  those  former  lords  of  the  American  sol' 
will  at  least  after  their  destruction,  serve  the  purposes  of>philosophy  and  science' 
as  the  bodies  of  murdered  men  in  the  hands  of  the  surgeon,  serve  those  of  hu- 
manlty.  I  am,  respectfully,  your  friend  and  servant, 

n._.        ,    m^-.  «  PETER  &  DUPONCEAU. 

Tbokas  L.  M*K8mrrr,  Esq.  v-^w. 
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TtJE  PHnpSOt>finr  C^  ItBLKSfON^or  an  Ilhiitni&b^r  Ibe 
Mokal  UWB  of  tto  TMvcWe.    %  ThamM  JMok, 

TlwnrildHBfev«r  BiMliiMiitftfBnAWttDMaf  »»lHi<t« 
ii«  or  UwQmImmiw,  Mf^M 
iM  liiMi«d-to-tlw«oadMoa  of 


THE  CHBI8IIAN  PHHiOSCtfllSIli  or  A«  Coonedkn  of 
Seirtiee  U^i  MHooophy  with  RsligioD.    %  lliQiqM  IKdi. 

The  CkriBtimm  Pkih»mktr,U  to  UMPMIoiopldaiMiiiiMcaionbrtnMtlMtlMi 

LMd  IteMrthK  |M  twiawtlr  Mno<o  All  jpMMl 


of  Unm  ■•okmo  hat,  l$aonml  Ortrtiom  who  >»■ 

Joel  oil  tMiliiih'KiioWIMgo  as  vofO  and  useleas.  Be  has  riioWn  fhot  the  ttodjand 
eonteoipl^tioii  of  fhe  laws  of  the  natural  world,  elcTOte  tbe  mind  m  its  ooneep* 
ttooi  Of  ibf  power,  wisdooi  mmA  goodness  of  <3od,  and  that  ovefy  advaaoe  m 
■kiiowfedfe,  overv  diseovery  in  soieooe,  tends  to  oonArm  our  ikith,  exalt  o«r  Tiews, 
«nd  lefoe  pwrtlMpofitioRs,  «nd  thus  improve  os  in  moral  «Bd  leligiOMi  ftoliwy 
<«ndiMrui€iilQs.— OMsCma  hOtUifwt^r. 
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THE  IWPISLOYEMENT  OF  SOCIETY,  by  the  DifiiiBioD  of 
Knoivriedge;  or  an  IllintratioD  of  the  advuitages  whieh  would  re- 
salt  from  a  general  dissemixiatioo  of  rational  and  scientific  infor- 
mation aerKNfkg  all  ranks.  IHtistrated  with  engravings.  By  Thomas 
Dick,  Lib  D.«  iitlthor  of  Philosophy  of  a  Future  State,  &^. 

In  tbe  contemplatioa  of  the  iiiBt<M7  of  the  human  race,  the  observer  is  fiirciMy 
struck,  at  every  step  of  bis  inquiiy,  with  the  eoavietion,  that  with  every  advance 
of  knowledee,  «nd  enlargement  of  his  intelHgence,  there  hoaheen  a  eorrespood- 
ing  impr<^e«ient  in  the  pocial  fiselinga  and  mwaJ  prindplesof  man.  ChristianjQr 
itself,  without  tbe  aid  of  the  scieooes.  would  not  etfoct  that  r^eneration  of  maa 
whitih  is  necessary  for  the  advancement  of  civilisation  and  the  perpetuity  of  so* 
otal  institutions.  The  page  of  history  oouflrms  our  assertions,  -iuid  we  need  hat 
x^er  to  th^  dfuk  nges  wbft9  the  Christian  worid,  under  the  domiaioB  of  the  Vati- 
can, presented  a  prospect  at  onoe  hamiliatiiig  to  the  pridoof  the  phileeophor,  and 
-MiunU  to  Oie  senaihititiesof  the  philanthropist. 

We  need  not,  at  this  enlightened  period,  enlarge  on  the  general  diflhsion  of 
haowledge,  as  a  means  of  elevating  tbe  scale  of  social  exivteooe.  Dr.  Dick,  in 
the  woriTheibre  us,  has  4earnedly  and  eloquently  exhibited  the  evils  of  ignofones, 
and  in  hold  relief  portnajed  the  advantages  of  the  general  diflbsioB  of  knowledie. 

His  work  is  equally  eioditaUe  to  his  head  and  heart,  and  we  desire  to  see  it  ex- 
tensively circulated  throughout  all  classes  of  the  oommunity.  ▲  variety  of  topics 
are  discussed,  and  every  sul^ect  is  rendered  plain  and  of  easy  compreheasioB  ky 
(hie  most  sirnple  illustrations.  Philosophy,  mechanics,  astronomy,  supofslitioa, 
and  a  muHitude  of  otter  msklteTs  ax«  \o»LcVved  on^  and  the  whole  adapted  to  the 
popfiJarmind.    The  work  is  not  otOy  YA^^V^  N%VM»»^'^>i».^ia|^a<.trom  thii^  it  is 
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BY  SDIXTAIUJ  O.  BZDOXJL 

very  intereatinff  arnl  entertaining.  It  is  not  a  dry,  abstract,  nTiBtaphyBical  discus- 
sion, but  a  plain,  intelligible  and  agreeable  survey  of  the  benefiu  of  knowledge, 
and  the  evils  of  ignorance.  Historical  facts,  interesting  anecdotes,  familiar  ex- 
planationsof  the  principles  of  science,  characterize  this  production,  and  the  most 
ordinary  understanding  will  find  amusement  and  instruction  in  its  perusal.— 
9out^m  Rdigious  Telegraph. 

A  DIGESTED  INDEX  OF  ALL  THE  REPORTED  DECI- 
SIONS IN  LAW  AND  EQUITY,  OF  THE  SUPREME 
COURTS  OF  THE  STATES  OF  OHIO,  INDIANA,  AND 
ILLINOIS,  with  an  Appendix,  containing  the  Constitution  of  the 
United  States,  the  Constitution  of  each  of  the  States  above  speci- 
fied, and  the  rules  of  their  Supreme  Courts ;  also  the  rules  of  prac- 
tice in  the  Seventh  Circuit  of  the  United  States,  the  Acts  of  Con- 
gress for  the  authentication  of  Statutes  and  records  in  the  several 
States,  and  an  epitome  of  the  Statutes  for  the  admission  of  attor- 
neys to  the  bar,  and  for  the  execution  and  acknowledgment  of 
deeds  and  other  conveyances,  in  all  of  the  western  and  south- 
western States.  By  James  F.  Conover,  Esq.  of  the  Cincinnati 
Bar. 

A  work  of  this  kind  Was  very  much  wanted  by  the  profession,  and  they  should 
tender  Mr.  Conover  their  thanks  for  the  able  manner  in  which  he  has  executed  his 
task,  which  was  undoubtedly  one  of  very  great  labour  and  research.  It  is  a  large 
octavo,  beautifully  printed  on  fine  paper,  and  handsomely  bound. 

Cyne  of  the  Profeaeion. 


IRISH  ELOQUENCE :  comprising  the  Speeches  of  the  cele- 
brated Irish  Orators,  Phillips,  Curran,  and  Grattan ;  to  which  is 
added,  the  Powerful  Appeal  of  Robert  Emmett,  at  the  close  of  his 
trial  for  high  treason.     Selected  by  a  member  of  the  Bar. 

The  above  work  fbrms  a  complete  and  unique  school  of  Irish  oratory.  To  every 
member  of  the  bar,  to  every  clergyman,  to  every  aspirant  to  political  influence 
and  admission  into  the  legislative  halls  of  his  country,  this  practical  text  book  of 
eloquence  will  be  an  honoured  manual ;  and  scarcely  less  does  it  recommend  itself 
to  every  lover  of  literature,  and  each  promoter  of  his  country's  good,  who  will 
both  be  rewarded  for  the  purchase,  the  one  by  its  high  literary  merits,  and  the 
other  in  the  glowing  picture  it  presents  to  bim  of  personal  sacrifices  on  the  altar 
of  public  weal.~C%aWe«fo»  Courier. 

The  Speeches  of  Phillips,  Curran,  Grattan,  and  EUnmett,  have  been  published  in 
a  neat  octavo  volume,  by  Key  &  Biddle  of  this  city. 

It  is  unnecessary  for  us  to  say  any  thing  as  to  the  merit  of  those  splendid  dis- 
plays of  eloquence,  Vvhich  have  stamped  an  immortality  on  the  above  named  ora- 
tors. Their  merits  are  well  known,  and  wherever  these  speeches  have  been  read, 
they  have  been  admired. 

The  volume  is  neatly  ^  got  Up,'*  the  paper  is  good,  the  type  is  clear,  bold  and 
legible,  and  the  binding  is  substantial  and  durable.— i>at7y  Intelligencer. 


THE  HOME  BOOK  OF  HEALTH  AND  MEDICINE,  a 
Popular  Treatise  on  the  means  of  avoiding  and  curing  Diseases, 
and  of  preservmg  the  Health  and  Vigour  of  the  body  to  the  latest 
period.  Including  an  account  of  tiie  nature  and  properties  of 
Remedies,  the  Treatment  of  the  Diseases  of  Women  and  Children, 
and  the  management  of  Pregnancy  and  Parturition.  By  a  Physi- 
cian of  Philadelphia. 

The  present  work  should  not  be  conibunded  with  the  ordinary  treatiaieft  csgl  k 
domestic  medicine,  the  ridiculous  pretensionB  o'E  v;\v\cVv,\sv  <sc(nsv«s)a!csi\^'>s^\ 
their  nnmerouB  errora  and  omissiona,  render  iVvetn  \iae\ei8R,  \^  xvox  ^«s\%«isk» 
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(niides  to  those  by  whom  they  are  mosl  fi«auently  consulted.  The  leading 
"ibject  of  the  Home  Book  is  to  present  a  valuaMe  Substitute  for  the  popular 
nodical  works  now  in  use. 

It  would  perhaps  be  most  advantaReous  under  all  circumstances,  were 
oooks  of  this  class  to  be  entirely  excluaed  from  the  family  library.  But  this 
ts  impossible.  Whatever  relates  to  the  causes,  nature,  symptoms,  and  treat- 
ment of  diseases,  interests  personidly  every  member  of^the  community,  in 
as  much  as  each  one  feels  himself  liable  at  any  moment  to  attacks  of  disease. 
The  science  of  medicine  has,  in  consequence,  alwajns  been  a  fitvourite  sub- 
ject with  all  classes  of  society.  To  furnish  therefore,  the  extra  professional 
reader  with  correct  medical  mfbrmation,  in  a  form  and  style  adapted  to  his 
w.iuts  and  comprehension,  is  an  object  of  veiy  considerable  importance,  but 
it  is  one  beset  with  difficulties  which  rcnaer  its  accomplishment  by  no 
means  easy.  It  has,  however,  been  attempted,  and  we  are  persuaded  snc- 
cesslUlly,  by  the  experimiced  autbcr  of  the  Home  Book.  In  this  work,  the 
utmost  care  has  been  taken  to  remove  the  erroneous  and  mischievous  opinion 
so  c^)mmonlvr  entertained  by  those  who  are  not  members  of  the  medical  pro 
fession,  of  the  facility  wiUi  which  the  character  of  diseases  may  be  deter 
mined,  and  the  remedies  best  adapted  for  tlieir  cure  selected  and  prescribed 
By  describing  in  plain  and  perspicuous  language,  divested  of  ail  technicali 
ties,  the  complicated  structure  and  functions  of  the  human  body, — the  agentf 
by  which  it  is  preserved  in  hcaltl^— tlie  general  causes  productive  of  disease 
—-the  phenomena  and  progress  of  the  most  common  ailments  peculiar  to  thife 
climate,  and  the  plan  of  treatment  by  which  these  are  most  successfully 
managed — the  Home  Book  presents,  it  is  believed,  the  most  efiectual  antidote 
to  domestic,  as  well  as  every  other  BpecicB  of  quackery.  It  is  from  ignorance 
upon  these  particulars,  that  the  public  have  heretofi>re  become  so  readily  the 
dupes  of  interested  empirics.  While  the  Home  Book  may  be  safely  consulted 
in  ail  cases  of  emergency  where  immediate  assistance  is  demanded,  as  in 
convulsions,  apoplexy,  cholera,  hemorrhc^e,  and  the  various  accidents,  the 
reader  will  find  in  it  no  encouragement  to  trust  to  his  own  unskilful  judgment 
the  treatment  of  a  serious  complaint,  in  any  instance  in  which  proper  profes- 
sional advice  can  be  readily  obtained.  As  in  all  cases  the  prevention  of  dis- 
eases is  confessedly  of  far  greater  importance  than  their  cure,  a  large  portion 
of  the  present  work  is  appropriated  to  the  consideration  of  Hygiene,  or  the 
means  of  preserving  health.  In  this  department  ample  information  is  sup 
plied  in  relation  to  the  interesting  subjects  of  the  atmosphere,  heat  and  cold 
clothing,  exercise,  diet,  cleanliness,  bathing,  sleep,  the  possimis,  the  preserva 
tion  of  the  hnir,  of  the  sight  and  the  feet,  the  care  of  the  bowels,  the  man 
agement  of  infants  and  children,  &c  &c.  The  greatest  pains  are  taken  U. 
inform  the  reader  of  the  leading  properties  of  all  tlie  remedial  agents  in 
common  use,  their  doses,  mode  of  odmhiistration,  the  circumstances  which 
render  a  resort  to  them  proper  or  improper,  and  the  ef!ect  which  may  be  an 
dcipated  from  their  imprudent  or  excessive  use.  This  constitutes  a  very 
useful  and  necessary  introducticm  to  the  description  and  treatment  of  diseases 
Previously,  however,  to  entering  upon  an  account  of  diseases,  properly  speak- 
ing, a  very  concise  but  accurate  history  is  ^ven  of  the  different  surgical 
diseases  and  accidents,  and  the  measures  which  are  to  be  pursued  for  tlieii 
cure.  Under  the  head  of  diseases,  we  recommend  in  a  very  especial  man 
ner,  not  merely  to  the  jj^eneral  reader,  but  also  to  the  medical  pmctltioner 
the  articles  on  intermitting,  bilious,  yellow  and  typhus  fever;  on  catarrh,  in- 
fantile coifviilsions,  croup,  hooping  cough,  consumption,  dyspepsia,  cholic, 
cholera,  poisons,  gout,  dropsy,  cow-pock,  &c.  &c  Whether  indeed  we  con- 
sider it  m  reference  to  its  style  and  arrangement,  or  to  the  large  amount  of 
usefid  matter  which  it  contains,  the  Home  Book  may.  in  our  opinion,  be  safely 
recommended  as  the  most  judicious  treatise  on  popular  medicine  extant  Its 
pages  may  at  the  same  time  be  advantageously  consulted  by  tlie  regular  prac- 
]  titioner ;  the  younger  members  of  the  profession  in  particular  will  find  it  a 
/  valuable  mnnual,  exhiliiling  a  very  accvucnte  wvA  ccsmv^Vv^vaw©  view  of  the 
fHTsent  state  of  medical  practtce.— Journal  Belles  l^tlres.      ^^ 


